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Preventing type 2 diabetes  
through pretreatment

A
ccording to Statistics Canada, 1.3 million Canadians aged 12 years or older report 

having a confirmed diagnosis of diabetes, representing 5% of that population. This 

figure skyrockets to 14.6% for those over age 65 — an alarming figure considering 

the number of additional individuals in that age range who may be living undiagnosed 

— bringing the total to well over two million people who suffer from the disease. Prevalence rates 

vary slightly across provinces. Newfoundland and Labrador have the highest rates of diabetes (6.8%), 

while Alberta has the lowest (3.9%). Data are incomplete for the Northwest Territories and Nunavut. 

Additionally, there is a large population of Canadians with impaired glucose tolerance (IGT) who 

supply a steady stream of people into the diabetes population.
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p e r s p e c t i v e

Taking into account all contributing 
factors, this diabetic population has 
been projected to increase by 35% over 
the next 25 years. That scenario wors-
ens in light of recently published data 
from a population database in Ontario, 
which suggests the prevalence of diabe-
tes from 1995 to 2005 actually increased 
69%. While this increase may be due 
in part to declining mortality from dia-
betes, the study noted an absolute 
increase in the incidence of diabetes, 
which was more prominent in the 
younger age group. Prevalence rates 
for people aged 50 years or older was 
found to be 7.1%, while prevalence of 
diabetes in those aged 20 to 49 years 
was 3.5%. However, this represented a 
relative increased prevalence of 94% in 
the younger age group versus only a 
63% increase in the older age group 
(each compared to 10 years ago). 
 
The Cost of Diabetes
While it is clear that diabetes is a costly 
disease in terms of healthcare expendi-
tures, there is surprisingly little reliable 
data available to support an accurate 
dollar value. The most thorough esti-
mate to date of the economic cost  
of treating people with diabetes in 
Canada was based on 1998 data that 
suggested the government spends an 
equivalent (at that time) of $5 billion 
U.S. annually, including direct and  
indirect costs. It should be noted that 
although it has generally been empha-
sized that the cost of renal disease/ 
dialysis is a major cost component  
of diabetic treatment, it is a mere 1/20th 
of the cost of cardiovascular disease 
complications. 

Although this figure includes physi-
cian and paramedical costs, hospital 
stays and costs of complications (i.e., 
costs that the government eventually 
incurs), it clearly underestimates the 
true cost of diabetes in this country. 
Indirect morbidity costs were not 
included in the estimate, such as those 
incurred through missed work or school 
days, or from lower employee produc-
tivity. Other costly features of diabetes 
care are not captured by government 
costs, not the least of which is capillary 
glucose testing, which was likely under-
estimated to be at $115 million annually, 
based on the average Canadian diabetic 
testing approximately eight times per 
week (including type 1 diabetics) and 
the cost of a strip being $0.60. 

The Canadian Diabetes Association 
alternatively pegs the cost to the Cana-
dian healthcare system at $13.2 billion 
annually, based on U.S. data, while  
the Public Health Agency of Canada 
suggests overall costs of $9 billion, 

including direct healthcare costs and 
those arising from lost productivity 
and premature death. Despite these 
varying estimates, it remains clear that 
diabetes exacts a huge toll on the Cana-
dian economy. 

 
D i a g n o s i s

preDiabetes

Normal glucose can be arbitrarily  
defined as a glucose level that does not 
predispose to, or predict, a higher-
than-baseline incidence of developing 
micro- or macrovascular disease. Gen-
erally, we consider glucose to be nor-
mal if it is less than 6.1 mmol/L fasting, 
and less than 7.8 mmol/L measured 
two hours after a glucose challenge.

At the other end of the spectrum is 
diabetes, which can be defined as the 
level of glucose at which the incidence of 
microvascular disease sharply increases 
(independent of the incidence of macro-
vascular disease, which increases far ear-
lier in the disease progression). This occurs 
at a fasting glucose of 7.0 mmol/L, or at 
a post-challenge glucose of 11.1 mmol/L.

Prediabetes falls between these para-
meters as impaired glucose tolerance 
(IGT) and impaired fasting glucose 
(IFG). IGT is defined as a post-chal-
lenge (after drinking a 75 gm glucose 
load) glucose value of 7.8 to 11.0 mmol/
L.  According to the guidelines set out 
by the Canadian Diabetes Association 
in 2003, IFG is defined by fasting glu-
cose greater than or equal to 6.1, but 
less than 7.0 mmol/L (see Figure 1). 
Since this definition was published, the 
American Diabetes Association low-
ered their criteria to include fasting 
glucose values of 5.6 to 6.9 mmol/L. 
Canadian guidelines will likely follow 
suit when published in 2008. 

Other organizations in the world, 
specifically the International Diabetes 
Federation and the World Health Orga-

nization, are almost certain not to  
mirror these guidelines, and will main-
tain an IFG definition of greater than 
or equal to 6.1 mmol/L. It should be 
noted that European organizations 
tend to shun the terms prediabetes, 
IFG and IGT altogether, instead using 
the more general term of “intermediate 
hyperglycemia.”

t r e a t M e n t

preDiabetes

Should prediabetes be treated?
There has been considerable discussion 
about whether it is worthwhile to treat 
prediabetes, or if it makes more sense 
to simply wait and treat diabetes, and 
attempt to prevent complications at that 
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Although we may not realize it, a significant pro-

portion of our practice as family physicians 

involves patients with diabetes or dysglycemia. 

The Diascan study (Diabetes Care 24:1038-

1043, 2001) demonstrated that 23.5% of all 

patients presenting in the family physician’s 

office for any reason have diabetes, though it 

may not yet be diagnosed. If we also count the 

people who have dysglycemia or prediabetes 

— IFG or IGT — then it is likely that more than 

half the patients we see have abnormalities in 

glucose metabolism. 

Individuals with abnormal glucose metabolism 

are at very high risk of cardiovascular (CV) dis-

ease, and 80% will die of a CV event. The pre-

diabetic may not experience the microvascular 

complications of diabetes, but they have almost 

as high a CV risk as the diabetic. As simple, 

effective treatments can reduce cardiovascular 

risk by almost 80%, it is imperative that we rec-

ognize this large segment of our practice. With 

proper screening and treatment, we can have an 

enormous positive impact on the quality of life 

of these high-risk patients.

perspective

Figure 1

Classification
Classification Fasting plasma   �-h plasma glucose 
 glucose(mmol/L)  75g OGTT

Normal  <6.1 and   < 7.8

Impaired Fasting Glucose (IFG)  6.1 - 6.9 and   < 7.8

Impaired Glucose Tolerance (IGT) < 6.1 and   7.8 - 11.0

IFG and IGT  6.1 - 6.9 and   7.8 - 11.0

Diabetes  ≥ 7.0 or   ≥ 11.1

Figure 2

Finnish Diabetes Prevention Study: 
Proportion of subjects without diabetes 
during the trial

P

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5 6

Intervention group

Control group

C
um

ul
at

iv
e 

pr
ob

ab
ili

ty
 o

f r
em

ai
ni

ng
 fr

ee
 o

f d
ia

be
te

s 

Study year

Subjects at risk 507 471 374 167 53 27

Adapted from: NEJM 344:1343-50, 2001.

Adapted from: The Canadian Diabetes Association 2003 Clinical Practice Guidelines.



 Supported by an educational grant from GlaxoSmithKline �

Clinical Focus: Advances in the Treatment of Diabetes

Posted with permission from Rogers Publishing Limited.

time. It is this author’s opinion that this 
can be likened to not treating a pre-
cancerous lesion because it will not by 
itself limit lifespan — clearly bad medi-
cine, since if the lesion turns cancer-
ous, lifespan would almost certainly be 
limited. Put simply, waiting would make 
no sense. So, too, with prediabetes. 

Remember: The only primary pre-
vention in diabetes is to prevent the 
disease itself from developing.

There is currently no approved oral 
diabetic treatment agent for prediabe-
tes in Canada. 

Progression to diabetes
Once prediabetes has been diagnosed, 
the incidence of progression to diabetes 
is high. People are often given standard 
lifestyle advice to slow the development 
of diabetes, i.e., to lower fats, lose weight 
and exercise. In individuals that were 
enrolled in Diabetes Prevention Pro-
gram (DPP) studies, those that were 
given this advice comprised the studies’ 
control groups. 

It must be pointed out that the indi-
viduals enrolled in prevention trials 
were motivated to lessen the risk of 
developing diabetes, or they would not 
have been enrolled in the studies in the 
first place. They were, therefore, likely 
more motivated than the general popu-
lation to adhere to the lifestyle advice 
they were given, and it follows that they 
may have had a higher rate of success 
with the lifestyle interventions than might 
be achieved in typical, less-motivated 
individuals. In other words, the rate of 
conversion from prediabetes to diabe-
tes may be more than that established 
in the prevention trials listed below.

The annual rate of development of 
diabetes in people with IGT seen in the 
control groups was similar, but there 
were differences between studies. In 
both the DPP (Suggested Reading #5), 
DaQing IGT and Diabetes (Pan XR  
et al. Diabetes Care 1997; 20:537–44) 
studies, rates of progression to diabetes 
were 10% to 11% annually. In the Finn-
ish Diabetes Prevention Study (DPS), 
the annual rate of progression to diabe-
tes was 7%. The DREAM (Diabetes 
REduction Assessment with ramipril 
and rosiglitazone Medication) trial 
showed a similar result (Suggested 
Reading #9).

Furthermore, the category of their 
glucose intolerance is also important. 
People who had both IFG and IGT 
developed diabetes at a rate of 14% 
(DREAM trial) to 22% (DPP) annually. 
Obviously, the higher their glucose in the 
specific category also determines risk.

Other factors need to be taken into 
account to define the risk of developing 
diabetes. Regardless of the glucose sta-
tus, a high rate of diabetes development 

correlates to a higher body mass index 
(BMI) and waist circumference mea-
surements. Total body fat content also 
plays an important role in the develop-
ment of the disease.

Lifestyle approaches 
Generally speaking, patients should be 
advised to see a dietitian and to cut 
their fat intake to no more than 30% of 
calories (saturated fats should be less 
than 10%). They should be placed on a 
calorie-reduced, nutritionally balanced 
diet, preferably one that is high in fibre 
and with a low GI index. These are 
common recommendations. As there is 
very little evidence in the literature that 
suggests any particular diet is more ben-
eficial than another, the actual method 
used to induce weight loss is usually of 
little importance. Losing weight can be 
difficult and patients should be encour-
aged to pursue whichever healthy method 
or program suits them, and/or has dem-
onstrated success for them in the past. 

Individuals should also be encour-
aged to exercise for 30 minutes daily, 
five days per week, achieving a mini-
mum of 150 minutes weekly. Certainly, 
it may take time to build up to this 
level. Exercise may consist of walking, 
but any form of physical exertion that 
the individual prefers is acceptable.

How long should lifestyle 
interventions be tried?
The lifestyle interventions used in 
studies that have demonstrated a marked 
lowering of diabetes development could 
best be described as intensive. These 
have included the following:
•  Achieving and maintaining a 7%  

reduction in body weight using the 
noted dietary changes (limiting fats 
and calories);

•  Increasing physical activity to at least 
30 minutes per day, minimum five 
days per week;

•  Initiating regular access to dietitians, 
a health club and/or personal train-
ers; and

•  Counselling sessions to reinforce  
behavioural changes.
Initiating these lifestyle changes on 

a population basis may not be practical, 
and many patients lack the motivation 
required to successfully adopt a health-
ier lifestyle. Therefore, individual pat-
ient circumstances will dictate how 
long lifestyle interventions should be 
employed before resorting to pharma-
cologic measures in the prevention of 
diabetes. Generally speaking, if an indi-
vidual is less obese and does not have 
combined IGT and IFG — and in the 
absence of other risk factors — lifestyle 
measures might be trialled for six 
months or more. Individuals who are 
obese, with IFG in the upper range (6.5 

to 6.9 mmol/L) and with two-hour 
post-challenge (oral glucose tolerance 
test or OGTT) glucose readings in the 
upper range (9.5 to 11.0 mmol/L), are 
at very high risk of developing diabetes 
in a short period of time. These patients 
should be given a shorter period of up 
to three months to see if lifestyle 
changes can be effective independent 
of medication. 

Useful measures to monitor the  
success of lifestyle intervention include 
tracking overall history, identifying both 
dietary and activity levels, documenting 
waist circumference (a loss of 2 cm over 
the first three months is a reasonable 
target) and, to a certain extent, weight 
loss (although this may be a somewhat 
deceiving parameter in an individual 
who is exercising more). 

How effective can lifestyle changes be?
In the Finnish Diabetes Prevention 
Study (Suggested Reading #4), the risk 
of developing diabetes was reduced by 
58% in patients using the intensive in-
terventions discussed above (see Figure 
2, page 2). Not coincidentally, the same 
risk reduction was also seen in the DPP 
studies (Suggested Reading #5).

Figure 3

The DPP: Incidence of diabetes
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Figure 4

Subgroup analysis in the DPP
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T here has been  

considerable discussion 

about whether it is 

worthwhile to treat  

prediabetes… It is  

this author’s opinion  

that this can be likened 

to not treating a precan-

cerous lesion because  

it will not by itself  

limit lifespan.

   ~Dr. Phil Hardin
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While it may not be realistic to 
believe people will adopt healthier life-
styles that achieve results similar to 
these clinical studies — it can, after all, 
be difficult to motivate change even in 
patients who are diagnosed with diabe-
tes — lifestyle interventions are worth 
trying in prediabetes, however slim the 
odds of success. 
 
Pharmacologic interventions 
There are now a number of studies that 
demonstrate the benefits of employing 
pharmacologic therapy in preventing 
progression to diabetes in individuals 
with IGT. 

The DPP showed metformin at a 
dose of 850 mg twice daily resulted in  
a 31% overall reduction of the incidence 
of developing diabetes (see Figure 3, 
page 3). Certain subgroups taking met-
formin reported results almost as good, 
or even slightly better than those 
derived from lifestyle changes alone 
(see Figure 4, page 3). Predictors of 
improved risk reduction were a younger 
age (< 44 years) and a BMI > 35 (reduc-
tion in incidence of developing diabe-
tes: 53%).

In the Study to Prevent Non- 
Insulin-Dependent Diabetes Mellitus 
(STOP NIDDM) study (Suggested 
Reading #8), acarbose achieved a rela-
tive risk reduction of 36% in the devel-
opment of diabetes (see Figure 5). All 
subgroups showed similar risk reduc-
tions, with no particular benefit in one 
versus another. 

Finally, rosiglitazone in the recently 
completed DREAM study showed a 
62% risk reduction in the development 
of diabetes (see Figure 6, page 5). 
Indeed, people at highest risk, i.e., peo-
ple with the highest BMI, seemed to 
experience the greatest relative risk 
reduction.

Diabetes

The overall aim in treating diabetes  
is to prevent devastating complica-
tions. Most people with diabetes  
(75% or more) will die a vascular  
death, and thus it remains our primary 
goal to prevent macrovascular disease. 
Furthermore, we need to improve dia-
betics’ quality of life by preventing 
microvascular complications, includ-
ing renal disease, retinopathy, neurop-
athy and amputation. The more we can 
maintain beta-cell function, the better 
we are able to optimize glucose con-
trol and thereby achieve these goals. 
Therefore, maintaining beta-cell func-
tion must be an aim in its own right.

How common are complications?
With respect to microvascular disease, 
diabetes is the most common cause  
of blindness in working-age adults, and 

is by far the commonest cause of end-
stage renal disease requiring dialysis. 
With its associated neuropathy, dia-
betes is also the leading cause of non-
traumatic amputations of the lower ex-
tremity.

Its contribution to macrovascular 
disease is enormous, and is almost uni-
versally underappreciated and underes-
timated. In one study looking at people 
who present to hospital with myocar-
dial infarction (MI), it was shown that 
one-third of all people post-MI had 
diabetes, and that a further third had 
IGT. When OGTTs were repeated 
three months later to exclude the effect 
of “stress hyperglycemia,” the results 
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Diagnosis
and treatment of prediabetes
It is imperative that all patients over 40 years 

of age have their fasting blood glucose tested 

every three years, with more frequent testing for 

high-risk individuals. If properly screened, patients 

with prediabetes can be diagnosed and treated 

in time to prevent the progression to diabetes. 

Those who have a fasting glucose greater 

than 5.7 but less than 6.9 mmol/L should have 

a two-hour, 75 gm glucose tolerance test to rule 

out IGT. Those with fasting glucose between 6.1 

and 7.0 mmol/L have IFG, a prediabetic condi-

tion. A fasting glucose of > 7.0 mmol/L or a 

random glucose of greater than 11 mmol/L in 

the presence of symptoms indicates diabetes. 

If there are no symptoms, such as polyuria, 

polydipsia or fatigue, then confirmatory tests 

should be done (see Figure below).

According to the DPP, diet and exercise in 

prediabetics can reduce conversion to diabetes 

by up to 58%. The barriers to success here are 

that weight loss of 7% of total body weight is 

required, as well as vigorous exercise for at 

least 30 minutes each day. 

In those individuals who cannot maintain the 

extensive lifestyle changes required to prevent 

diabetes, pharmacotherapy must be considered.  

Acarbose, metformin and rosiglitazone have all 

shown benefit in prevention of diabetes. The 

DREAM trial demonstrated that 8 mg of rosi-

glitazone a day resulted in a 62% reduction in 

conversion to diabetes in individuals with pre-

diabetes, making it an effective agent according 

to available evidence. 

Additionally, we can reduce the risks of car-

diovascular disease by using simple vascular 

protection strategies offered with ACE inhibitors, 

ASA and statins.

Screening for type 2 diabetes, IFG and IGT

Every 3 years in individuals ≥ 40 years of age with no other risk factors 
Earlier and/or more frequently in individuals < 40 years of age with risk factors

Normal

< 5.7 mmol/L 5.7 - 6.9 mmol/L plus 
risk factor(s) for 

diabetes/IGT

6.1 - 6.9 mmol/L and no risk 
factor(s) for diabetes/IGT

≥ 7.0 mmol/L

2hPG in 75-g OGTT

Classify patients as normal, IFG
(isolated), IGT (isolated), IFG &

IGT or diabetes

Isolated IFG, isolated IGT or IFG & IGT IFG Diabetes

Rescreen as clinically  
indicated

FPG

Strategies for prevention and rescreen  
at appropriate intervals

Treatment

Figure 5

The effect of acarbose on the cumulative 
incidence of diabetes in subjects with  
IGT based on 2 OGTTs 
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changed very little; there were slightly 
fewer diabetics, but a few more patients 
with IGT. Still, two-thirds of the post-
MI population had some abnormality 
of glucose tolerance. Furthermore, the 
sizable Nurses Health Study demon-
strated that the risk of having a coro-
nary event in those destined to have 
diabetes started rising even before the 
onset of the disease. 

Maintenance of beta-cell function
There are no studies that suggest that 
once an individual has diabetes (and by 
definition, significantly impaired beta- 
cell function), any degree of lifestyle 
intervention will prevent worsening of 
beta-cell function. This is not to say 
that aggressive lifestyle improvement 
won’t contribute significantly to con-
trolling blood glucose, which it likely 
does by improving insulin sensitivity.

The question remains whether this is 
possible with oral hypoglycemic agents. 
We learned from the UK Prospective 
Diabetes Study (UKPDS) study that 
insulin therapy, metformin or sulfonyl-
urea therapy cannot maintain beta-cell 
function and that there is a progressive 
loss of function with time. In UKPDS, 
this loss of beta-cell function occurred 
whether hypoglycemic therapy was used 
or not, and at an equivalent rate (see 
Figure 7).

There are a considerable number of 
animal models of diabetes in which 
thiazolidinedione (TZD) drugs have 
been shown to prevent the onset of dia-
betes, while maintaining normal islet- 
cell architecture. The recently released 
A Diabetes Outcome Progression Trial 
(ADOPT) was designed to evaluate the 
durability of glycemic control in 
patients receiving monotherapy, either 
rosiglitazone, metformin or glyburide. 
The study showed progressive loss of 
beta-cell function in the glyburide and 
metformin groups. There was some 
loss of beta-cell function in the rosigli-
tazone group as well, but the rate of 
loss was slower, and target glucose levels 
were maintained for longer periods of 
time. This equated to better maintained 
glucose and HbA1c over time, as well.

It must be emphasized that although 
the loss of beta-cell function over time 
was minimized with rosiglitazone, it 
still occurred. This may be a function 
of starting the drug too late in the 
course of the decline of the beta cell, or 
it may simply reflect how little can be 
achieved with monotherapy. It is possi-
ble that initial dual therapy, even with 
HbA1c of less than 7%, may do an  
even better job of preventing beta-cell  
deterioration. There is substantial the-
oretical reason to believe that the com-
bination of metformin and rosiglitazone 
may be better at preventing beta-cell 

loss. Both glucotoxicity and lipotoxic-
ity (each thought to play a role in beta-
cell deterioration) can be minimized 
with early combination therapy of a 
TZD and metformin. We need to 
address the beta cells as early as possi-
ble in the course of diabetes, while 
there is still considerable function left 
to preserve. Although there are no  
specific published studies looking at 
early initial combination therapy in 
type 2 diabetes, some insights may be 
available with upcoming release of the 
CAnadian Normoglycemia Outcomes 
Evaluation (CANOE) and Avandia + 
Amaryl or Avandamet Compared With 
Metformin (AVALANCHE) studies. 

Why is achieving and sustaining 
glycemic control important?
All studies looking at the incidence of 
microvascular disease and glucose con-
trol suggest that the better the glucose 
control and A1c, the lesser the inci-
dence of microvascular complications 
of diabetes, including retinopathy and 
nephropathy. 

There are a large number of epide-
miological studies that identify a reduc-
tion in the incidence of cardiovascular 
events with improved glucose control. 
However, there is a lack of intervention 
studies that corroborate this finding; 
this question will likely not be resolved 
until the Action to Control Cardiovas-
cular Risk in Diabetes (ACCORD) 
trial is released. Acknowledging that it 
is unethical in an intervention trial to 
study a group of diabetics with deliber-
ate poor glucose control, we will have 
to wait for the outcome of “perfect” 
versus “good” control. 

Early aggressive therapy
We increasingly stress “early aggres-
sive therapy” in the treatment of diabe-
tes. This involves aggressively trying to 
achieve glucose control, aiming for a 
normal HbA1c. This will reduce the 
incidence of microvascular complica-
tions, and there is reason to believe it 
will also lessen the incidence of macro-
vascular disease, as well. 

According to the most recent  
Clinical Practice Guidelines for the 
Management of Diabetes in Canada, 
metformin is the first-line antihyper-
glycemic agent for almost all patients 
with diabetes. This is based on the  
fact that it is effective and that the 
incidence of hypoglycemia is low with 
its use. There is evidence to suggest 
metformin is more effective at reduc-
ing macrovascular disease in obese 
individuals compared with sulfonyl-
ureas or insulin. 

However, the guidelines may in fact 
overstate the clinical evidence for this 
latter claim, which was based on results 

in a fairly small number of obese people 
in the UKPDS study. Nevertheless, 
there is biological plausibility to sup-
port this belief, as metformin therapy 
in UKPDS (and numerous other studies) 
resulted in less weight gain (more obese 
patients may have had more CV disease 
on that basis), and because it achieved 
equivalent glucose control in the 
absence of hyperinsulinemia (which both 
sulfonylureas and insulin clearly created).

There is another variable in the 
equation. The ADOPT study suggests 
that there is a difference in the func-
tional deterioration of beta cells, and 
that rosiglitazone can stall this process. 
In the interest of preserving the ability 
to maintain good glycemic control over 
a long interval, we should perhaps be 
using this class of drugs as first-line 
treatment. It may make sense to combine 
metformin and a TZD early, for poten-
tial benefit in glucose control, resulting 
in a larger number of individuals 
achieving target HbA1c with minimal 
hypoglycemia, and for better beta-cell 
preservation. There is also an additive 
lowering of the state of hyperinsu-

linemia, which may result in a subse-
quent lowering of vascular events.

Aggressive treatment does not stop 
here. As noted, the aim in treating the 
individual with diabetes is to prevent 
complications, and aggressive therapy 
entails achieving all target values, 
including those for lipids and blood 
pressure. We must also be fanatical about 
bringing blood pressure levels to  
< 130/80 mmHg, bringing LDL cho-
lesterol levels to < 2.0 mmol/L and 
bringing total cholesterol/HDL levels 
to < 4. 

Unless a type 2 diabetes patient’s 
lipids are near perfect at the outset, 
treatment with a statin is often neces-
sary and, in a significant percentage of 
patients, combination therapy with 
ezetimibe (and/or a fibrate and/or nia-
cin) may be warranted. 

Arguably, all people with type 2  
diabetes should be on an ACE inhibitor 
for vascular protection if it can be tol-
erated. All doses of ACE inhibitors that 
have been shown in studies to offer a 
reduction in vascular events have been 
relatively large. This would translate  

Figure 6
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Figure 7

Beta-cell function is decreased and 
declines progressively

Adapted from: UKPDS 16. Diabetes 1995; 44:1249-58.
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to a ramipril dosage of 10 mg, at least  
8 mg for perindopril, 20 mg for enala-
pril and 5 mg for cilazopril.  

We also must prevent renal disease 
and treat microalbuminuria aggres-
sively, with the addition of angiotensin 
receptor blockers (ARBs) when necessary. 

Maintaining target blood pressure is 
of the utmost importance in preventing 
renal and macrovascular disease. The 
addition of diuretics and calcium chan-
nel blockers is often needed; in fact, it is 
often necessary for diabetics to be on 
three or four medications to control 
blood pressure at target.

Most studies (in diabetics or otherwise) 
tend to analyze impacts on one risk factor 
at a time. There is, however, some infor-
mation in diabetics on treating multiple 
risk factors, and looking at the outcome 
when all are aggressively treated. 

There is recently published data 
from the UKPDS study that looks at 
rates of myocardial infarction at differ-
ent HbA1c levels and blood pressures. 
It demonstrates that having blood  
pressure of 150 mmHg compared to  
< 130 mmHg, and having an A1c of  
8% versus < 6%, will increase the rate 
of MI at least five-fold, at least in that 
particular study. 

The Steno-2 Diabetes Trial (Sug-
gested Reading #14) looked at a small 
number of diabetic individuals in clinic, 
and targeted systolic and diastolic blood 
pressure, total cholesterol and triglyc-
erides and A1c. Target levels were not 
achieved in all individuals, but the act of 
targeting is by itself useful. The results 
demonstrated a 50% reduction in CV 
events over eight years. 

We await the ACCORD trial data, 
which is similar to Steno-2, but on a 
much larger scale. It will look at very 
tight glucose control versus good control, 
statin alone versus statin plus fibrate 
and tight blood pressure control versus 
more relaxed control.

rosiglitazone & carDiovascular saFety

There has been concern regarding the 
cardiovascular safety of rosiglitazone 
following a recent meta-analysis in The 
New England Journal of Medicine (NEJM 
2007;356, June14, Nissen SE, Wolski K). 

However, we should reserve judg-
ment until the RECORD trial (Rosi-
glitazone Evaluation for Cardiac 
Outcomes and Regulation of glycemia 
in Diabetes) is published. The trial, 
which is looking at the incidence of 
vascular disease with TZDs, is a pro-
spective, randomized, open-label, con-
trolled trial conducted over a prolonged 
period of time. Results will not be 
available until 2009, but it is reassuring 
that the FDA is monitoring interim 
results, as is the study’s Safety Moni-
toring Committee. Also, the DREAM 

and ADOPT trials show no significant 
increase in risk of MI with rosiglitazone. 

Statements from the Canadian Diabetes 
Association, the FDA, The Endocrine 
Society and the American Diabetes 
Association (in a joint statement with 
the American Heart Association and 
American College of Cardiology) agree 
that we need more information and 
that we should not unduly stop a medi-
cation that is beneficial for some patients.

p r o g n o s i s

In summary, early aggressive therapy 
involves the initiation of at least one or 
two antihyperglycemic agents, a statin, 
+/- another lipid agent, an ACE inhibi-
tor and perhaps one or two other anti-
hypertensives, plus ASA. Continued 
emphasis on lifestyle adjustments must 
also be made. 

Diabetes is a devastating disease with 

multiple complications, and while it 
cannot be reliably ascertained how many 
years a diabetic individual’s life may be 
shortened, it is nevertheless clear that 
their lifespan is negatively impacted. 
Effective screening of our at-risk patients 
for prediabetes, along with early, 
aggressive treatment, can go a long way 
towards reducing the physical, psycho-
social and economic consequences of 
this disease. l
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We know that increasing insulin resistance may 

precede diabetes by 10 to 15 years, but that 

insulin deficiency is required to become dia-

betic. In the early stages of the disease, it is 

primarily a disease of insulin resistance, but 

with progressive beta-cell failure, insulin defi-

ciency becomes the predominant defect. 

In most cases, our initial therapy should be 

directed toward decreasing insulin resistance. 

The UKPDS trial has shown that the progressive 

increase in glucose levels of diabetes is caused 

by a progressive loss of insulin production by 

the failing beta cell. Until recently, the progres-

sive beta-cell failure continued no matter what 

treatment we used. I try to get a glitazone into 

the therapeutic regimen as soon as possible.

Although CDA Guidelines (which were published 

before these trials were reported) do not generally 

suggest a glitazone as initial treatment, the pres-

ervation of beta-cell function, as well as the 

decrease in insulin resistance, should be a major 

consideration.

barriers to treatMent

Lifestyle measures, while extremely important, 

have been traditionally very difficult to maintain. 

In the diabetes prevention studies that demon-

strated the potential benefit of the lifestyle 

modifications, it was a costly and labour-inten-

sive program that may be difficult to duplicate 

outside of a study environment.

Optimal care also involves the use of many 

medications (see Table 1, page 7). Frequently, 

our patients are reluctant to take multiple pre-

scriptions, particularly if they are feeling well. 

Employing long-acting or combination medica-

tions can reduce the number of pills that must 

be taken daily, and a careful explanation of the 

role of each pill can highlight their importance 

in the overall treatment strategy. Compliance is 

always an issue with multiple medications that 

are sometimes dosed many times a day, and so it 

is wise to make medication regimens as simple 

as possible — some studies suggest dosing more 

than twice a day significantly limits adherence. 

Drug cost may also be a barrier, and so we 

need to be aware of alternatives. In most cases, 

combination medications cost less, but there 

are still a few instances in which the combina-

tion actually costs more than its individual com-

ponents. Significant savings can result from 

prescribing medications at twice the strength 

required, and cutting the tablets in half. Lack of 

coverage for patients on provincial drug plans 

is also an issue. The provincial plans frequently 

do not pay for the drugs or the treatment order 

recommended by CDA Guidelines, and conse-

quently people on these plans may receive sub-

standard care with pancreatic deterioration that 

may have been avoided with appropriate treat-

ment. There are often mechanisms by which we 

can gain special access to these medications, 

and we need to be familiar with how they work 

(and we must be willing to assume the resulting 

paperwork burden).

CDA Guidelines support metformin as initial 

treatment. Metformin decreases the excess 

glucose production by the liver, which is an inte-

gral aspect of diabetes. While it improves insu-

lin sensitivity and decreases glucose levels, it 

does not prolong the inevitable beta-cell 

decline. Metformin is available in 500 mg and 

850 mg tabs, as well as 500 mg sustained-

release tablets (Glumetza). In the generic form, 

it is inexpensive. Dosage is from 500 to 2000 

mg/day — doses in excess of 2000 mg may 

lead to decreased efficacy. The pharmacokinet-

ics of metformin are such that there is no 

advantage in dosing more than twice a day. I 

generally titrate up to 1000 mg, twice a day. 

Insulin sensitizers (glitazones) are indicated 

where control cannot be achieved with met-

formin monotherapy. 

The ADOPT study has shown that the most 

persistent control with monotherapy comes 

with a glitazone (rosiglitazone). My tendency is 

therefore to start a glitazone early, either as 

monotherapy or in combination with metformin. 

Formulations of a glitazone with metformin are 

available (e.g., Avandamet), and these may 

make adherence easier for the diabetic. 

Where  g l ycemic  t a r gets  cannot  be  

maintained with metformin and a glitazone in 

full therapeutic doses, we need to consider the 

other fundamental defect of diabetes: insulin 

deficiency. Here, we need to increase insulin 

levels with either an insulin secretagogue or 

with insulin. If A1c is > 9%, then two classes  

of agents with a complementary mechanism of 

action should be started together, since each 

will only give a 1% to 1.5% A1c reduction. 

treatment
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TaBle 1

Antihyperglycemic agents for use in type 2 diabetes

Class Expected decrease  Therapeutic considerations 
 in A1C with monotherapy

Alpha-glucosidase inhibitor 0.5 - 0.8 • Not recommended as initial therapy in people with severe hyperglycemia (A1C ≥ 9.0%)
acarbose  • Mostly used in combination with other oral antihyperglycemic agents 
  • Gastrointestinal side-effects 
  • Treat hypoglycemia with dextrose tablets, milk or honey

Biguanide 1.0 - 1.5 • Contraindicated in patients with renal or hepatic dysfunction, or cardiac failure
metformin  •  Use Cockcroft-Gault formula to calculate creatinine clearance (< 60 mL/min indicates  

caution or contraindicates the use of metformin)
  • Associated with less weight gain than sulfonylureas and does not cause hypoglycemia 
  • Gastrointestinal side-effects

Insulin Depends on regimen •  When initiating insulin, consider adding bedtime intermediate-acting insulin, long-acting 
insulin or extended long-acting insulin analogue to daytime oral antihyperglycemic agents 
(although other regimens can be used)

  • Intensive insulin therapy regimen recommended if above fails to attain glycemic targets
  • Causes greatest reduction in A1C and has no maximal dose
  • Increased risk of weight gain relative to sulfonylureas and metformin

Insulin secretagogues 1.0 - 1.5 •  All insulin secretagogues reduce overall glycemia similarly (except nateglinide)
  • Postprandial glycemia is especially reduced by nateglinide and repaglinide
Sulfonylureas:  • Hypoglycemia and weight gain are especially common with glyburide
gliclazide, glimepiride, glyburide  • Consider using other class(es) of antihyperglycemic agents first in patients at high risk of
(note: chlorpropamide and tolbutamide are      hypoglycemia (e.g., the elderly) 
still available in Canada, but rarely used)  • If a sulfonylurea must be used in such individuals, gliclazide and glimepiride are 
     associated with less hypoglycemia than glyburide
nonsulfonylureas:  • Nateglinide and repaglinide are associated with less hypoglycemia in the context of
nateglinide, repaglinide 0.5 (for nateglinide)    missed meals

Insulin sensitizers (TZDs) 1.0 - 1.5 • Contraindicated in patients with hepatic dysfunction or significant cardiac failure
pioglitazone, rosiglitazone  •  Between 6 and 12 weeks required to achieve full blood glucose lowering effect
  •  Triple therapy: addition of TZD to metformin plus sulfonylurea is acceptable  

(Editor’s note: this usage is not currently approved by Health Canada)
  • May induce mild edema, fluid retention
  •  When used in combination with insulin, may increase risk of edema and CHF  

The combination of a TZD plus insulin is currently not an approved indication in Canada

Combined formulation of 1.0 - 1.5 • See rosiglitazone and metformin
rosiglitazone and metformin

Antiobesity agent 0.5  •  Associated with weight loss
orlistat  • Gastrointestinal side-effects

■  canaDian Diabetes association 
The website of the Canadian Diabetes Asso-
ciation has evidence-based Clinical Practice 
Guidelines for the diagnosis and treatment of 
diabetes in Canada.  
www.diabetes.ca 

 
■  Diabetes clinic 

A non-commercial Canadian website dedicated to 
educating diabetics and healthcare professionals. 
www.diabetesclinic.ca

■  type 2 Diabetes, a HealtH proFessional’s guiDe 
Published by the Canadian Centre for Research 
on Diabetes, this is a short (36-page), simple 
guide designed to assist health professionals in 
treating type 2 diabetes to CDA standards. Can 
be obtained free of charge in English or French 
by sending an email request to  
diabetes@igs.net

■  prevention anD ManageMent oF type 2 Diabetes  
in aDults   
by Stewart B. Harris, MD; Elsevier Canada, 2007.
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1
MR. D. M., A CAuCASIAn MALE, �� yEARS OLD, PRES-
EnTS FOR ROuTInE FOLLOw-uP OF hyPERTEnSIOn 
DIAGnOSED TwO yEARS PRIOR. hE wAS TREATED 
wITh ACE InhIBITOR. hE hAS A SEDEnTARy LIFESTyLE 
AnD hAS nOTED A 5 kG wEIGhT GAIn OvER ThE LAST 
yEAR. ThERE IS A FAMILy hISTORy OF TyPE � DIABE-
TES (FAThER) AnD CAD (MOThER, MI AT AGE 5�).

Physical examination: 

 • WC = 106 cm, weight 98 kg, BMI = 31.0

 • BP = 134/82 mmHg

 • Remainder of physical exam is unremarkable

Laboratory investigations:

 • FPG = 6.5 mmol/L

 •  TC = 4.17 mmol/L, LDL-C = 2.2 mmol/L, HDL-C = 0.87 mmol/L, 

TG = 2.4 mmol/L, TC/HDL ratio = 4.8

Mr. D. M. has the criteria for a diagnosis of metabolic syndrome, 

with treated hypertension (still not at goal), high waist circum-

ference, low hDL, high triglycerides and a fasting glucose of �.5. 

These results identify an increased risk for cardiovascular events and also 

define an increased risk of developing diabetes. Established treatment 

of metabolic syndrome consists of weight management and treatment of 

separate CV risk factors. The former will also lessen the risk of diabetes. 

However, a glucose tolerance test should be done to further define this risk. 

When this was performed, his repeat fasting glucose was 6.4, and a two-

hour post-challenge glucose was 10.3 — suggesting IGT in addition to his 

IFG. His risk of developing diabetes would be expected to be 15% or more 

within a year. 

Follow-up

He was given “lifestyle” management advice and seen again in three months. 

At this time, he had not increased activity levels. He tried to “diet,” but 

admits his downfall is watching TV in the evening and snacking. He feels that 

he may have lost a few pounds, but the scale does not confirm any change in 

his weight. There is no change in his waist circumference.

At this point, he would benefit from pharmacologic intervention, and there 

is evidence supporting the use of rosiglitazone, metformin or acarbose. More 

benefit has been demonstrated with rosiglitazone. This was explained to  

Mr. D.M., but he did not like the chances of gaining weight on the medication, 

deciding on metformin instead. This was not an unreasonable choice, in view 

of the fact that he fell into two of the categories that would be anticipated to 

respond well to metformin, i.e., IFG plus IGT and age 44. This was prescribed 

with directions to increase the dose over the next three weeks to achieve 

850 mg twice daily. Unfortunately, he was lost to follow-up. l

case study:
presentation 2

MR. D.M., CAuCASIAn MALE, IS nOw �7 yEARS OLD 
AnD PRESEnTS AGAIn FOR ROuTInE FOLLOw-uP OF 
hyPERTEnSIOn. hE hAS nOT BEEn In ThE OFFICE FOR 
ThE PAST ThREE yEARS. hE DID nOT CARRy ThROuGh 
wITh ThE METFORMIn. hE hAD SOME GI uPSET whEn 
hE GOT TO A DOSE OF �50 MG TwICE DAILy, wITh 
DIARRhEA, AnD STOPPED TAkInG ThE MEDICATIOn. 
hE DID nOT BOThER TO InFORM hIS hEALThCARE 
TEAM. hE hAS MAInTAInED hIS ACE InhIBITOR, wITh 
REFILLS GIvEn By AnOThER PhySICIAn.

Physical examination: 

 • WC = 109 cm, Weight is 102 kg, BMI = 32.2

 • BP = 140/84 mmHg

 • Remainder of physical exam is unremarkable

Laboratory investigations:

 • FPG = 8.5 mmol/L

 •  TC = 4.70 mmol/L, LDL-C = 2.6 mmol/L, HDL-C = 0.83 mmol/L, 

TG = 2.8 mmol/L, TC/HDL ratio = 5.7  

An A1c is subsequently obtained and was found to be 7.2%

Since he was last seen, he has gained weight, making his metabolic 

parameters even worse. he now has criteria for diabetes, and does 

not require a further glucose tolerance test. Furthermore, his lipids 

have also worsened. 

It would be reasonable to get more baseline readings, including creatinine, 

electrolytes, urine albumin/creatinine ratio, ECG and chest X-ray. Particular 

attention should be paid during this physical exam — and at subsequent  

visits — to his vascular and neurological status, and the condition of his feet. 

He should have a yearly ophthalmologic exam (unless otherwise indicated by 

his ophthalmologist).

Aggressive early therapy must now come into play. If we want to minimize 

CV risk as much as possible, we must strive to achieve and maintain all  

target levels, including an A1c of < 6.1% if possible, BP < 130/80 mmHg, 

LDL < 2.0 mmol/L and TC/HDL ratio < 4.0.

He did not tolerate metformin at 850 mg twice daily, but it is too useful a 

drug to give up on at this juncture. One should try again, starting at 250 mg 

twice daily, increasing to 500 mg twice daily. We should also start a TZD and 

rosiglitazone initiated at 8 mg daily. This should work very well in combination 

with the metformin, and is very likely to achieve target glucose control. 

Furthermore, the evidence suggests that it is an efficacious agent to main-

tain beta-cell function, thus allowing us to continue maintaining glucose con-

trol for a longer period of time. 

His ACE inhibitor is currently ramipril 5 mg daily; this is doubled to 5 mg 

twice daily and a diuretic is added in the form of hydrochlorothiazide 12.5 mg 

daily. BP comes down nicely to 126/74 mmHg.

Finally, a statin is started in the form of rosuvastatin 10 mg daily, and his 

lipid targets are achieved with total cholesterol of 3.2, HDL of .84, LDL of 1.5 

and triglycerides of 1.9. Total cholesterol/HDL ratio is 3.8.

The absolute importance and value of weight loss continues to be rein-

forced, as is increasing physical activity.

Taken in total, we would expect these manoeuvres to lessen the risk of a 

cardiovascular event by at least 50%. For this very high-risk individual, we 

should accept no less. l

case study:
presentation
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