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≥3 insulin injections daily or use of an
insulin pump (2). The results of both the
DCCT (type 1 diabetes) and the UKPDS
(type 2 diabetes) demonstrated that tight
glycemic control can decrease the incidence
of microvascular complications (retinopa-
thy, nephropathy and neuropathy) by at least
25% (1,2). Intensive insulin therapy can also
be optimal for many patients with type 2
diabetes, who may have insulin deficiency
and therefore require insulin supplementa-
tion. These patients are often older and
some have had the disease for a long period
of time. For all patients, therapy must be
individualized in order to attain and main-
tain an appropriate goal and reduce the inci-
dence of side effects or adverse reactions.
Based on the available evidence (which is
strongest for the avoidance of microvascular
complications), most countries’ diabetes
associations recommend achieving and
maintaining a glycosylated hemoglobin
(A1C) level of lower than 7.0%. European
guidelines recommend <6.5% A1C (3),
while the Canadian Diabetes Association
clinical practice guidelines recommend
≤7.0%, and <6.0% for those in whom it can
be safely achieved (Table 1) (4). In addition,

targets for postprandial BG are suggested,
since higher postprandial BG has been shown
to be related to cardiovascular risk.

RATIONALE FOR INTENSIVE
DIABETES MANAGEMENT
The benefits of intensive management extend
beyond the achievement of clinical targets.
People with diabetes who use intensive man-
agement may enjoy a more flexible lifestyle,
less hypoglycemia, and a more positive qual-
ity of life due to fewer complications.

Intensive therapy should be considered
early in the course of the disease in order to
decrease complications, as two-thirds of the
costs of diabetes management are currently
for complications of diabetes, which often
involve inpatient care (5).

Although beneficial effects on the pre-
vention of macrovascular complications are
not proven, evidence suggests the value of
intensive therapy during and after acute
myocardial infarction in patients with dia-
betes (6). Other studies have shown the
importance of maintaining normoglycemia
during severe infections, cerebral ischemia
or perioperative periods (7).

An intensive comprehensive approach is
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†The phrases “intensive diabetes management” and
“intensive diabetes therapy” are used interchange-
ably in this paper.

Table 1. Recommended targets for glycemic control in adults with 
diabetes* (4)

A1C
(%)

FPG/pre-
prandial PG

(mmol/L)

2-hour 
postprandial PG

(mmol/L)

Target for most patients ≤7.0 4.0–7.0 5.0–10.0

Normal range (consider for
patients in whom it can be
achieved safely)

≤6.0 4.0–6.0 5.0–8.0

*Treatment goals and strategies must be tailored to the patient, with consideration given to indi-
vidual risk factors. Glycemic targets for children <12 years of age and pregnant women differ
from these targets.

A1C = glycosylated hemoglobin      FPG = fasting plasma glucose      PG = plasma glucose

INTRODUCTION
Intensive diabetes therapy, as defined by the
United Kingdom Prospective Diabetes
Study Group (UKPDS) (1) aims to achieve
optimum glycemic control using whatever
management techniques are needed. Most
healthcare professionals consider the term
to apply more specifically to advanced tech-
niques in insulin therapy, self-monitoring of
blood glucose (SMBG), and nutrition and
behavioural sciences (2).

In 2007, it is generally accepted that, in
most patients, intensive diabetes therapy†

may not only be optimal but also cost effec-
tive. It is nearly 15 years since the results of
the Diabetes Control and Complications
Trial (DCCT) demonstrated that near nor-
malization of blood glucose (BG) levels in
type 1 diabetes could significantly delay the
onset and slow the progression of diabetes
complications (2). Similarly, it will be 10
years since the UKPDS showed that inten-
sive BG control, with either oral therapy or
insulin, decreased microvascular complica-
tions in patients with type 2 diabetes (1).
However, in reality, glycemic (or non-
glycemic) goals may not be easy to achieve
in patients, for a variety of reasons, includ-
ing economic or psychological factors,
limited access to physicians or other profes-
sionals who are knowledgeable in diabetes
management, patient nonadherence, unde-
sirable side effects and limitations of the
currently available pharmacologic agents,
limitations of current insulin delivery
devices and drawbacks of the current glu-
cose measurement devices.

The DCCT showed that for patients
with type 1 diabetes, optimal management
involved intensive insulin therapy including
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particularly important during the early
course of the disease, when the greatest
clinical benefits have been noted.The meta-
bolic memory hypothesis proposes that long
before the advent of hyperglycemia, events
occur that scar cells, laying the groundwork
for the development of both microvascular
and macrovascular complications of dia-
betes. With time, the effects of metabolic
“scarring” becomes less amenable to reversal
by intensive metabolic control (8).

COST-EFFECTIVENESS 
OF INTENSIVE DIABETES
MANAGEMENT 
Intensive management of diabetes is associ-
ated with higher “upfront costs” of labour,
medications and supplies, but this invest-
ment has shown to be effective in reducing
morbidity and mortality as well as minimiz-
ing later expenditures for costly long-term
complications.The cost benefit of tight glu-
cose control is most pronounced in young
patients, who in general will have a longer
duration of life during which the complica-
tions of diabetes could develop. Both the
DCCT and UKPDS analyzed the costs of
treating type 1 and type 2 diabetes, respec-
tively, with intensive treatment strategies.
In the DCCT, the cost was $4014
(US)/year, which was 2.4 times that of con-
ventional therapy ($1666 [US]/year) (2).
However, this cost was in a research setting.
Outside the DCCT study, in physician prac-
tices, the intensive therapy was much less
expensive—only $2337 (US)/year (9).The
difference is primarily due to less frequent
and less prolonged use of hospital services
and a lower cost for outpatient visits.

In the UKPDS, intensive management in
type 2 patients was also found to make as
much sense economically as medically. As
part of the study, a simulation model of dis-
ease progression revealed that patients with
diabetes who receive intensive treatment
live 5.1 years longer than those receiving
conventional therapy. In addition, with fur-
ther consideration of the reduction in com-
plications (blindness, end stage renal disease
and lower extremity amputation) that
decrease quality of life, the study noted that
the incremental cost per quality-adjusted
life year gained is relatively inexpensive in
relation to other commonly accepted med-
ical therapies. The improved glycemic con-
trol in patients with type 2 diabetes is
associated with improved quality of life,
higher retained employment, greater pro-
ductive capacity and less absenteeism (1).

Consideration of these factors suggests
the cost of intensive therapy is offset by
even greater economic benefit. When the
patient is committed to learning diabetes
self-management and the diabetes team is
dedicated to teaching the patient the appro-
priate techniques and the rationale for
them, intensive diabetes management is the
logical course both for individual patients
and for society.

METHODS TO ACHIEVE
INTENSIVE DIABETES 
MANAGEMENT
All practitioners can work toward intensify-
ing diabetes management; however, the
complexity of intensive insulin therapy and
management is usually beyond the scope of
the sole practitioner. In order for intensive
management to be clinically successful, a
systematic multi-faceted approach is
required, including appropriate glycemic
goals, an established frequency of glucose
monitoring, choice of pharmacologic or
therapeutic management regime, lifestyle
changes and access to treatments. In addi-
tion to ensuring patient adherence to any
therapy, careful follow-up to monitor
progress toward individualized goals is
required to support and reinforce the
patient’s management skills (10).

The diabetes team
Intensive therapy requires a core group of
skilled professionals with diverse roles: an
interdisciplinary team with the patient at
the centre. The team includes physicians,
nurses, dietitians and behavioural scientists,
all of whom should have special interest
and training in the management of dia-
betes so they can assist and support the
person with diabetes in attaining the goal
of self-management.This core membership
reflects the basic requirements of diabetes
treatment: self-management, self-monitor-
ing and nutrition.Teams may also extend to
healthcare professionals who can help meet
special needs, such as podiatrists, exercise
physiologists, ophthalmologists, pharma-
cists, and geriatric and pediatric diabetes
specialists. Specific dietary counselling is
necessary to teach individuals how to
change or alter insulin doses for varying
food intakes. Behavioural scientists can pro-
vide counselling services regarding adjust-
ment to chronic illness and stress
management, diagnose psychiatric illness
and screen for learning disorders that might
interfere with patient comprehension.
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Nutrition and exercise
Diabetes therapy is complex and specific to
the disease type of each patient. The plan
for treatment of type 1 diabetes should
include intensive insulin therapy integrated
with diet, exercise and glucose monitoring.
Similarly, type 2 treatment should include
diet and/or weight management, oral phar-
macologic therapy and/or insulin and glu-
cose monitoring.

The importance of nutrition and exer-
cise programs in both type 1 and type 2 dia-
betes has been inadequately emphasized,
and the result has been unsatisfactory
patient adherence. The DCCT demonstrat-
ed that patients who were able to adjust
their food intake and insulin dose achieved
lower A1C values (2). However, it may often
be unreasonable to expect the patient to
maintain a consistent meal plan and insulin
regimen. The technique of carbohydrate
counting allows knowledgeable patients to
determine varying pre-meal doses of rapid-
acting insulin, which also need to be adjust-
ed according to the activities planned (11).
Patients with type 2 diabetes who are over-
weight or obese are encouraged to decrease
calorie consumption, since weight loss
results in a decrease in insulin resistance.
Even without weight loss, patients can
improve their glucose results by a pattern of
eating that minimizes insulin require-
ments—small, balanced meals (at least 3 to
4 food groups per meal) spaced out
throughout the day, with the carbohydrate
in the meal preferably from a food that is
high in fibre and slowly absorbed.

Surprisingly, patients do not need to
achieve an ideal body weight to improve
control of BG, hypertension and lipid lev-
els. Loss of as little as 5% of body weight
may lead to significant improvements in
insulin resistance, but the weight loss must
be maintained and exercise programs must
be ongoing (12). Low-fat and low-carbohy-
drate diets have their advocates; however,
controlled trials have shown little differ-
ence with respect to weight loss (13).
The key is the caloric intake relative to 
the caloric output. Exercise prescriptions
should be tailored to the individual
patient’s capacity and co-existent conditions.
Patients with type 2 diabetes should be
encouraged to exercise 3 times per week, for
at least 30 minutes per day, targeting all
major muscle groups. Studies have shown
that resistance exercise done at least 3 times
a week improves insulin sensitivity to about
the same extent as aerobic exercise (14).

patients whose therapy involves only diet or
oral agents, a subpopulation in which the
usefulness of self-monitoring is not proven
(17). Finally, it is not uncommon to see a
spiralling of treatment with up to 3 or 4
drugs being added to therapy with little
resulting improvement. As the disease con-
tinues to progress, maximal doses of drugs
are often insufficient to achieve the recom-
mended A1C target of ≤7.0%. Typically,
between 5 to 10 years after diagnosis,
insulin therapy is needed in a majority of
individuals with type 2 diabetes (18).

Introduction of insulin 
in type 2 diabetes
When glycemic control can no longer be
achieved with1 or 2 oral agents, insulin
should be added to significantly improve
glycemic control. Table 2 outlines available
insulins in Canada (4).

While insulin is indicated in many
patients with type 2 diabetes, its use is often
delayed. Reluctance to initiate insulin thera-
py ranges from patients’ fear of weight gain
and needles, to concerns about hypo-
glycemic events, cardiovascular complica-
tions and cost. Many of these reasons for
reluctance have now been invalidated by new
clinical evidence and better technologies.
The availability of finer needles and insulin
pens has made injections much less painful.
Hypoglycemic events are much less frequent
in patients with type 2 diabetes, because of
the greater variety of insulins now available
(19). Other studies have shown no increase,
or even a decrease, in cardiovascular disease
in patients treated with intensive insulin (6).
Furthermore, insulin is less expensive than
many oral agents.This evidence suggests that
the major barrier to insulin initiation is
provider reluctance.

When oral antihyperglycemic agents no
longer maintain glycemic control, adding
basal insulin has been shown to lower the
entire 24-hour fasting glucose profile (20).
This would be started by using insulin with
an intermediate duration of action (NPH)
at bedtime. To initiate bedtime insulin,
patients must begin to monitor their BG
levels, if they haven’t already been doing so.
A simple regimen may be to start at 8 to 12
units the first night, and increase by 1 to 2
units every 2 to 4 days if fasting glucose
remains >6.0 mmol/L. If fasting glucose is
<4.5 mmol/L even once, lower their dose
at night by 2 units. This algorithm can be
adjusted to higher or lower limits, as appro-
priate for the individual patient. In fact,

Pharmacologic agents
During the early stages of type 2 diabetes,
the cornerstones of therapy remain proper
nutrition, exercise and education. However,
the disease is characterized by progressive
insulin resistance and insulin deficiency.
About 50% of beta-cell function has been
lost by the time a patient with type 2 dia-
betes has been diagnosed, and this function
will continue to decline over time. While
insulin resistance may occur independently
of diabetes, insulin deficiency is always 
a core defect of diabetes. Pharmacologic
treatments are then often required, with 
the biguanide metformin remaining the
mainstay of initial treatment (15). Over 
the course of the last few years, drugs in
several new classes have been approved,
including thiazolidinediones, meglitinides,
alpha-glucosidase inhibitors, incretins and
DPP-IV inhibitors. All of these agents have
tissue-specific sites of action and can be used
in combination.

With this array of options, treatment
regimens have become increasingly com-
plex and confusing. There is little evidence
from good-quality randomized clinical tri-
als that any single drug or drug combination
is better than another, with the exception of
metformin in obese patients (1).Thus, safe-
ty profiles and cost should be primary con-
siderations in prescribing, but in fact
prescribing decisions are often influenced
by marketing campaigns for newer drugs
that may have potential advantages, but have
not been truly tested in regards to long-
term outcomes (16). In the meantime,
many patients with type 2 diabetes are pre-
scribed medications with insufficient atten-
tion being paid to the optimal intensive
therapeutic use of nutrition and physical
activity, and with insufficient patient educa-
tion. Additionally, misguided emphasis may
be placed on the performance of SMBG in

It is generally
accepted that, in

most patients, inten-
sive diabetes therapy

may not only be
optimal but also 

cost effective.
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patients who become more successful with
nutrition and exercise regimens may be
able to reduce their dose over time. Also,
patients may become capable of adjusting
their dose once they have learned how to
take the insulin.

Hypoglycemia is the main risk in start-
ing insulin therapy; however, if insulin is
started at a low dose and titrated up slowly,
hypoglycemia is rarely a problem. A slow
titration also helps to decrease the risk of
excess weight gain, as it minimizes the need
to “eat up to the insulin dose” and maintains
the lowest effective dose.

Adding basal insulin to prior oral treat-
ment is successful for many patients,
although the oral dose may require reduction
if it is an insulin secretagogue. However, if
the A1C target of <7% is not achieved or is
no longer achieved, at least 1 injection of
prandial insulin should also be started. The
dose can be titrated in accordance with
SMBG values measured either 2 hours after
the start of a meal, 2 hours before the next
meal, or at bedtime (if the injection is
administered before the evening meal) (21).
If A1C remains elevated, the next step will
be insulin taken with each meal.

A fully intensified basal-bolus regimen
represents the most physiological insulin

replacement therapy. The prandial insulin
doses can be adjusted independently to limit
postprandial hyperglycemia without affect-
ing basal insulin action. The use of this
approach facilitates transition to a full basal-
bolus regimen as the disease progresses; it
may be suitable for patients who are initial-
ly reluctant to accept full intensive insulin
replacement therapy (22).

Prandial insulin is best matched to intake
using the system of carbohydrate counting,
in which carbohydrate intake at each meal is
estimated and then a sufficient bolus (short-
acting insulin analogue) is given to balance
the carbohydrate. A usual serving of a
starch, fruit, carbohydrate-rich vegetable,
or milk or milk equivalent basically repre-
sents about 15 g of carbohydrate. Often a
carbohydrate-to-insulin ratio of 10 to 15 g
carbohydrate for each unit of insulin will
often serve as a good starting point. If a high
glucose value is found at mealtime, adjust-
ments should be given to correct for the
hyperglycemia. An opposite correction may
be required if the pre-meal glucose is low.

“Pumpers” use a term called the Insulin
Sensitivity Factor (ISF). This represents the
expected blood glucose drop in mmol/L
obtained with 1 unit of insulin. It is often
calculated by dividing the total daily dose

into the number 90 (e.g. for a total daily
insulin dose [TDD] of 45 units [90 ÷ 45 =
2], about 1 unit of insulin would be required
to decrease BG by 2 mmol/L). Another
“pumper calculation” is the insulin-to-carbo-
hydrate ratio. For this, the total daily dose is
divided into 450, i.e. 450 ÷ TDD. (In the
example used above, 450 ÷ 45 units TDD =
a carbohydrate-to-insulin ratio of 10:1, i.e.
10 g of carbohydrate ingested would need a
dose of 1 unit of insulin.)

BLOOD GLUCOSE 
MONITORING
As noted above, the role of SMBG in
improving glycemic control in type 2
patients who are using oral agents has not
been demonstrated. However, SMBG is a
critical component of overall diabetes man-
agement for patients taking insulin. Daily
self-monitoring is especially important to
check for asymptomatic hyperglycemia and
hypoglycemia.The intensity of the monitor-
ing required corresponds to the intensity of
the insulin therapy (SMBG ≥3 times per day
when multiple doses of insulin are adminis-
tered in 1 day) (23).

Unfortunately, many patients with dia-
betes are not convinced, or are unaware, of
the value of self-monitoring. Data from the
National Health and Nutrition Examination
Survey (NHANES) found that the great
majority of patients with type 2 diabetes
who were included in this study monitored
their BG rarely, if at all, and although some
patients may be diligent in testing their BG
on a regular basis, they may not necessarily
benefit in terms of glycemic control (24).
Several reasons have been suggested for this
finding. It may be that patients are testing
but are not using the information to make
adjustments to their therapy. Some patients
find using a lancet device to be quite
painful, and this can increase the psycholog-
ical burden. In some cases, patients will find
testing demoralizing, especially if results
are outside the target range (17).

With new technologies and the advent of
smaller monitors (which provide results in
seconds, require smaller blood samples, and
allow for the use of alternative test sites),
patient technique becomes less of an issue,
since many of the aspects of monitoring
relate to ease of use. For example, if patients
have difficulty handling small strips, they
may insert the strips into meters improper-
ly, causing false readings. New monitors
have incorporated disc systems that elimi-
nate the need to handle small strips.A more

Table 2.Types of insulin available in Canada (4)

Insulin type/action 
(appearance)

Brand name
(generic name)

Basal/bolus Dosing schedule

Rapid-acting analogue (clear)
Onset: 10–15 minutes
Peak: 60–90 minutes
Duration: 4–5 hours

Humalog 
(insulin lispro)
NovoRapid 

(insulin aspart)

Bolus Usually taken right
before eating, or to
lower high blood 

glucose levels

Short-acting (clear)
Onset: 0.5–1 hour
Peak: 2–4 hours
Duration: 5–8 hours

Humulin-R
Novolin ge 

Toronto

Bolus Taken about 30
minutes before eat-
ing, or to lower high
blood glucose levels

Intermediate-acting (cloudy)
Onset: 1–3 hours
Peak: 5–8 hours
Duration: up to 18 hours

Humulin-N
Novolin ge NPH

Basal Often taken at 
bedtime, or twice 
a day (morning 
and bedtime)

Extended long-acting analogue
(clear and colourless)
Onset: 90 minutes
Peak: none
Duration: 24 hours

Lantus 
(insulin glargine)

Levemir 
(insulin detemir)

Basal Usually taken once 
or twice a day

Premixed (cloudy)
A single vial contains a fixed ratio 
of insulins (the numbers refer to 
the ratio of rapid- or short-acting to
intermediate-acting insulin in the vial)

Humalog Mix 25
Humulin 

(20/80, 30/70)
Novolin ge (30/70,

40/60, 50/50)

Combination
of basal and
bolus insulins

Depends on the
combination
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ergonomic design can also alleviate pain for
patients with arthritis or other muscu-
loskeletal concerns. Optimally designed
monitors are small and easy to grip, fit into
the palm of the hand or rest on the tabletop.
Several of these monitors also have large,
easy-to-read displays, which are beneficial
for visually impaired patients. Memory and
data-management software allows monitors
to hold up to 3000 readings, which are
stored in an electronic logbook. Some mon-
itors now have underfill detection features
that alert patients if insufficient blood has
been placed on the test strip.This lessens the
risk of false-low readings, decreases waste
and reduces expense to patients.

When used correctly, glucose monitor-
ing plays a pivotal role in motivating patients
and their healthcare providers to interpret
BG levels and to assist in the optimization of
nutrition, activity and/or insulin levels (25).

Continuous glucose monitoring
systems
Even with frequent daily SMBG, the
achievement of normal glycemic levels and
the avoidance of hypoglycemia have
remained elusive for many patients.
Frequent fingerstick measurements offer a
static picture at any given point, but do not
provide a measurement of the magnitude
and duration of glycemic excursions. The
recent availability of continuous glucose
monitoring systems (CGMS) provides an
opportunity to match the demands of
intensive therapy with intensive glucose
monitoring.This system continuously meas-
ures subcutaneous interstitial glucose lev-
els, on average, every 5 minutes.

Data provided by these monitors can
help identify periods of previously unde-
tected nocturnal hypoglycemia, and also
allows patients and clinicians to make spe-
cific changes in the timing and dosing of
insulin, as well as dietary and physical activ-
ity alterations (26). Preliminary clinical evi-
dence with both type 1 and type 2 diabetes
patients suggests that using CGMS data to
make therapeutic adjustments results in an
overall lowering of BG levels, and may even
translate into a reduction in healthcare costs
(27,28).

However, these devices are not yet use-
ful for routine use in patients with diabetes,
for a number of reasons. First, the sensor
must be removed and reinserted in a differ-
ent area every few days. In addition,
patients must continue to measure their BG
levels with a traditional monitor several

times a day to ensure that the continuous
glucose monitor is correctly calibrated.
Also, the continuous glucose sensors cur-
rently available are not as accurate as most
BG monitors.When BG concentrations are
rapidly rising, or if levels are in the low
range, there may be a difference between
interstitial fluid glucose (measured by the
sensor) and BG (measured by the capillary
glucose), so confirmation of BG levels by
fingerstick test may still be required. One
benefit of CGMS is that trend arrows on the
glucose sensor will show the direction that
BG is moving and the speed of movement;
this information is often as valuable as the
actual BG value.

The cost of CGMS alone is about $2000
(US), which may make it unaffordable for
some patients, but many diabetes clinics
provide this service at a cost of $50 to $100
for 3 days.

As well as stand-alone CGMS systems,
some insulin pumps also have a built-in abil-
ity for continuous glucose monitoring.

Insulin delivery
Subcutaneous insulin injection has been the
route of choice for the last several decades,
but the inconvenience of multiple injections
for type 1 patients needing intensive man-
agement, and the reluctance of type 2
patients to start insulin therapy, has spurred
the development of non-invasive, needle-
free delivery methods. Today, continuous
subcutaneous insulin infusion pumps (CSII)
are used primarily by type 1 patients.
According to MiniMed Inc., the major sup-
plier of pumps in the United States, there
has been a more than 10-fold increase in the
number of patients under 20 years of age
starting on insulin pumps since the publica-
tion of the DCCT in 1993 (26). Insulin

administered by pump provides a better
day-to-day reproducibility, more reliable
insulin action and fewer unexpected fluctu-
ations in glycemic control. However, there
are several requirements that patients need
to fulfill to successfully use this therapy.
They must be willing to monitor their BG
several times daily, and must learn to count
carbohydrates for accurate insulin adjust-
ment of food intake.The use of a pump also
requires patients to be sufficiently motivat-
ed to use problem-solving skills and be able
to apply a glucose correction algorithm.

Funding agencies and provincial govern-
ments are gradually recognizing the poten-
tial benefits of pump therapy in improving
glycemic control and decreasing complica-
tions, particularly in pediatric patients.The
provinces of Ontario, Saskatchewan and
Newfoundland now have programs that
cover the full cost of an insulin pump and
provide a monthly subsidy for pump sup-
plies. Quebec has a pilot project to assess
the costs and benefits of such a program.

Although there are potential metabolic
advantages to CSII therapy in patients with
type 2 diabetes, there have been very few
controlled studies to determine if it leads to
improved glycemic control (29).

Insulin pumps are considered “smart” as
new features are added to their design.
Software options can keep track of the
insulin remaining in the bloodstream, calcu-
late the dose for the next insulin bolus, and
monitor activity during specific times of the
day and then alert the user if an expected
activity did not occur (e.g. missed lunch).
For people with visual impairments, there
are tactile features. Also, new pumps can
interface with personal computers to sim-
plify record keeping with diabetes manage-
ment software, and can upload those
records to the Internet. Perhaps the most
interesting advancement in the integration
of insulin pumps with glucose monitoring is
that some pumps can receive glucose read-
ings from an integrated monitor via
infrared (IR) or radio frequency (RF) com-
munication (30). There are currently no
algorithms to automatically control insulin
delivery based on biofeedback of BG level,
although there have been abstracts indicat-
ing studies that are currently underway. If
the loop were closed, the system would
function as an artificial pancreas.

Other technological developments in
this field may allow subcutaneous insulin
administration to be supplemented or
replaced by other modes of delivery such as

Intensive therapy
requires a core
group of skilled 

professionals with
diverse roles: an
interdisciplinary
team with the

patient at the centre.
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inhaled insulin; oral, buccal or dermal
modalities; and intra-peritoneal delivery
systems. Inhaled insulin delivers effective
doses in a less painful and, for many, more
acceptable manner, which may improve
patient compliance; however, long-term
pulmonary safety data are needed. At this
point, neither Pfizer (which markets the
product as Exubera) nor Health Canada is
able to suggest when it will be available in
Canada. It is currently approved for use in
the US and Europe (31). Other oral, buccal
and dermal modalities need more studies in
order to demonstrate the long-term safety,
tolerability and efficacy of these methods.
The initial high cost of these novel insulins
will price them out of the reach of the
majority of people with type 2 diabetes.

Intra-peritoneal insulin holds consider-
able promise because of a more physiologic
delivery of insulin into the portal circula-
tion, and the ability to inhibit hepatic glu-
cose production. Insulin is placed in
disk-shaped infusion systems/pumps, then
fully implanted in the abdominal subcuta-
neous tissue using general anesthesia. The
pumps deliver regular insulin through a
free-moving peritoneal catheter. Sufficient
insulin is stored in the pump reservoir for 2
to 3 months’ use. Pumps are refilled in hos-
pital via a skin puncture that allows access
to the reservoir. Rates of insulin delivery
are modulated by the patient, according to
the results of SMBG, using an external pro-
grammer that sends radio-wave signals to
the electronic command unit of the pump-
ing mechanism. The method has been used
with some success in type 1 patients in
France, but has not yet been approved for
use in North America (32). Due to the inva-
sive nature of their implantation into the
abdominal cavity and the associated mor-
bidity and costs, it is unlikely that this
method will find widespread acceptance
among patients with type 2 diabetes.
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