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The following program is a taped presentation by Carolyn Robertson.
Ms. Robertson is a certified diabetes educator (CDE), board certified in Advanced
Diabetes Management (BC-ADM). She has more than 28 years of experience in
diabetes education in intensive/flexible diabetes management, with an active patient
caseload for more than 20 years. Ms. Robertson was a pioneer in the intensive
management of diabetic pregnancies with over 300 successful pregnancies, as well
as an early pioneer in insulin pump therapy. She also has expertise in type 2
diabetes management and in the management of patients with kidney and pancreas
transplantation.
At the present time, Ms. Robertson is the Associate Director of the New York
Diabetes Program and an editor for the nursing journal RN. Ms. Robertson remains
actively involved in clinical research, consultation, and mentoring.
Ms. Robertson has been a local board member of both the Juvenile Diabetes
Foundation Research International and the American Diabetes Association. She
has published widely in peer-reviewed journals, trade journals, newsletters, as well
as on the Internet. Ms. Robertson lectures frequently to local, national, and
international audiences of healthcare professionals, patients, and the general public.
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Goal
Provide rationale and evidence for
treating patients with type 2 diabetes
with insulin sooner

Recent advances in the understanding of type 2 diabetes and its sequelae have
resulted in a paradigm shift in the recommendations for treatment. Insulin therapy is
being promoted sooner in the management of the disease.
The goal of this program is to provide a rationale for aggressive treatment of type 2
diabetes and for starting insulin as soon as glycemic control is no longer achieved
with the use of oral antidiabetic agents (OADs). We will discuss our current
understanding of the pathophysiology of type 2 diabetes and present several
randomized controlled trials that provide convincing evidence to show why starting
insulin sooner is a logical approach.
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Learning Objectives
Following completion of this program, the participant will be able to:
• Describe epidemiological aspects of diabetes and associated
economic implications
• Explain risk factors and stages of disease development and
progression
• Describe pathological changes that lead to loss of glycemic control
and contribute to insulin deficiency and resistance
• Explain key results from various clinical studies of intensive insulin
therapy and their implications for disease management
• Explain current treatment goals and options, and identify the
benefits of “early” insulin therapy for optimizing glycemic control
• Recognize barriers to insulin therapy and explain possible solutions

Following completion of this program, the participant will be able to:
• Describe epidemiological aspects of diabetes and associated economic
implications
• Explain risk factors and stages of disease development and progression
• Describe pathological changes that lead to loss of glycemic control and contribute
to insulin deficiency and resistance
• Explain key results from various clinical studies of intensive insulin therapy and
their implications for disease management
• Explain current treatment goals and options, and identify the benefits of “early”
insulin therapy for optimizing glycemic control
• Recognize barriers to insulin therapy and explain possible solutions
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Overview
•
•
•
•
•
•
•
•
•
•

Epidemiology and costs
Risk factors and pathophysiology
Stages of development
Goals of therapy and treatment options
Landmark trials – evidence for intensive
therapy
Current state of diabetes management
Barriers to insulin therapy
Overcoming barriers
Insulin formulations
Summary

Type 2 diabetes has increased dramatically in the United States during the last
decade. Our understanding of the pathophysiology and epidemiology has matured
and has allowed practitioners to develop clear diagnostic criteria and to modify
treatment paradigms. This presentation will discuss how and why the disease
develops and, once developed, how it should be treated. Outcome-based studies
will be reviewed to provide evidence for the role of intensive therapy and insulin.
Finally, insulin therapy will be discussed noting likely barriers to its institution and
strategies to overcome them.
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Diabetes Prevalence: 1990 - 2001
1990

1995

2001

CDC 2003

Diabetes has reached epidemic proportions. It is debilitating and costly. In 2002,
approximately 18.2 million Americans (or 6.3% of the population) had diabetes that equates to 1 in 15 Americans. One third of these individuals are believed to
have the disease but have yet to be diagnosed. Another 20.1 million are estimated
to have prediabetes.
The figures in this slide demonstrate the rapid growth of this disease in the United
States. Between 1990 and 2001, the percentage of individuals diagnosed with
diabetes increased by 61%. Every year another 1.3 million more Americans are
diagnosed with diabetes; the overwhelming majority (90% to 95%) with the type 2
version of diabetes.
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Complications Associated with
Diabetes
6th leading cause
of death
Kidney
failure*

Risk of death
↑ 2X

Blindness*

DM

Amputation*

Stroke and heart
disease
↑ 2X to 4X
Nerve damage in
60% to 70% of patients

*Leading cause of renal failure, new cases of blindness, and non-traumatic amputations
American Diabetes Association. National Diabetes Fact Sheet.

Even more troubling is the prevalence of diabetes-related complications. Fifty
percent of individuals with type 2 diabetes will have some type of
macrovascular or microvascular complication by the time they are diagnosed
with overt diabetes.
In general, individuals with diabetes are 2 to 4 times more likely to have a
myocardial infarction or stroke compared to individuals without diabetes.
Diabetes is the most common cause of end-stage renal failure and new onset
blindness in adults. Peripheral neuropathy, which is present in more than
60% of individuals, increases the risk for foot amputation. In fact, diabetes is
the leading cause of foot amputations not related to trauma.
Diabetes is the 6th leading cause of death. Some epidemiologists suggest
that deaths from diabetes are underreported and that it should be considered
the 3rd or 4th cause of death.
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The Cost of Diabetes in 2002
Annual Costs of Diabetes in the United
States

~$132 Billion
DIRECT COSTS

INDIRECT COSTS

$91.8 Billion
$24.6
$23.2

$39.8 Billion
General medical
conditions

$44.1

Diabetes & acute
metabolic
complications
Chronic diabetes
complications

Mortality

$10.8
$7.5

$21.6

Lost workdays
Restricted
activity
Permanent
disability

ADA. Diabetes Care. 2002;26:917-932.

It is not surprising that diabetes with its associated complications is a costly
disease - costly for both the individual and for society. In 2002, US costs were
estimated to be $132 billion. Management of this disease accounts for 10% of
US healthcare costs.
The direct costs, which include medications, office visits, and hospitalizations,
totaled nearly $92 billion whereas the indirect costs, which include lost
productivity and early mortality, totaled $39.8 billion.
On average, an individual with diabetes annually spends 5 times more money
for medical care than the nondiabetic individual – with costs averaging over
$13,000 compared with $2,500.
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Healthcare Costs Increase with
Worsening Glycemic Control

3-Year Medical Costs,
1993–1995 ($)

Increase in medical costs associated with rising
A1C levels compared to costs for patients with
A1C of 6%
36%

12,000
11,000

21%

10,000

11%
5%

9,000
8,000
6

7

8

9

10

Baseline A1C (%), 1992
Gilmer TP, et al. Diabetes Care. 1997;20:1847-1853.

Studies have confirmed that healthcare costs increase with worsening glycemic
control. In a study of more than 3,000 adults with diabetes, there was a
substantial increase in cost with every 1% increase in A1C.
In a second retrospective study, a slightly different approach was taken to
study the impact of diabetes control on costs. Costs were tracked for a 5-year
period. Individuals who had improved control - defined as A1C with sustained
reductions of 1% or more - were compared to individuals who were
unimproved. Total annual healthcare costs were $685 to $950 lower in the
“improved” versus the “unimproved” cohort: total costs for a 3-year period were
50 to 60% higher in individuals with A1Cs >10% compared to those with A1Cs
≤8%. Improvement in glycemic control also reduced the number of physician
visits.
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Risk Factors Associated with
Type 2 Diabetes
• Advancing age
• Dyslipidemia
–

•
•
•
•
•
•

High LDL and triglycerides, low HDL

Ethnicity
Family history
High fasting or postprandial glucose
Hypertension
Obesity
Polycystic ovary syndrome (PCOS)

Type 2 diabetes is a complex disorder that results from the interaction of genetic
and environmental or behavioral causes.
At-risk individuals may be identified on the basis of advancing age, family history,
and higher-risk ethnic groups, including Native Americans, African Americans, Asian
Americans, Pacific Islanders, and Hispanic Americans. Obesity and the presence of
hypertension and dyslipidemia are also significant risk factors for the development
of type 2 diabetes as is polycystic ovary syndrome or PCOS.
Increased fasting plasma glucose and postprandial plasma glucose are associated
with prediabetes, a condition that precedes diabetes.
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Metabolic Syndrome
Metabolic syndrome is diagnosed when any 3
of the following criteria are met
Abdominal obesity
Fasting triglycerides
HDL cholesterol

>40 inch waist (men),
>35 inch waist (women)
>150 mg/dL

Blood pressure

<40 mg/dL (men),
<50 mg/dL (women)
≥130/85 mm Hg

Fasting plasma glucose

≥110 mg/dL*

2001 NCEP guidelines
*Current ADA guidelines have lowered value to ≥100 mg/dL

Obesity, dyslipidemia, and hypertension are found in many individuals with type 2
diabetes. Collectively, these traits are sometimes known as the metabolic syndrome
(Syndrome X). The relationship between these traits is still not well understood.
Metabolic syndrome is a recognized disease with an assigned ICD code. Diagnostic
criteria, established by the National Cholesterol Education Program (NCEP) in 2001,
requires the presence of any 3 traits; abdominal obesity, elevations in triglycerides,
blood pressure, or fasting plasma glucose (FPG) as well as decreased HDL. The
criteria for impaired fasting glucose (IFG) was recently lowered to ≥100 mg/dL by
the ADA so it is possible that the NCEP will lower the fasting glucose criteria from
110 to 100 mg/dL.
Results of the third National Health and Nutritional Examination Survey (NHANES
III) suggests that more than 20% of the US population (47 million people) have
metabolic syndrome. In individuals over 60 years of age, this increases to more than
40%.
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Prediabetes
Impaired Glucose Tolerance (IGT)
• 2 hr PPG (140-199 mg/dL)
• More prevalent
• Insulin resistance in muscle
Impaired Fasting Glucose (IFG)
• ≥100 mg/dL – lower limit
• ↓ basal insulin secretion
• Beta-cell dysfunction
• Insulin resistance in liver
Diabetes Prevention Program Group. N Engl J Med. 2002;346:393-403.
International Diabetes Federation Consensus Statement. Diabet Med. 2002;19:708-723.

As previously stated, both impaired glucose tolerance (IGT) and impaired fasting
glucose (IFG) are risk factors for type 2 diabetes. IGT occurs when postprandial
control is lost, resulting in elevated glucose following a glucose challenge or meal. It
is associated with insulin resistance in skeletal muscle. IFG occurs when basal
glucose control is no longer adequate. It is usually related to an inadequacy of betacell secretion and a loss of sensitivity of the liver to insulin. Although the majority of
individuals with IGT do not have IFG and vice versa, the progression to overt
diabetes is the highest in those individuals who have both IGT and IFG.
The Diabetes Prevention Program (DPP), demonstrated the impact of diet and
exercise on diabetes progression. Progression to diabetes was reduced by 58%
with dietary intervention and physical activity, whereas treatment with metformin
only reduced the incidence by 31%.
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Pathophysiology of Prediabetes
• ↑ Proinsulin
• ↓ Acute insulin response
• Amyloid deposition
• IGT or IFG, or both
• A1C normal (≤6%)
Hanley AJG, et al. Diabetes. 2002;51:1263-1270.
Hoppener JWM, et al. N Engl J Med. 2000;343:411-419.

A number of pathological changes have now been linked to prediabetes. An
elevation in proinsulin (the precursor to insulin) is caused by defective cleavage and
processing of the molecule. This is associated with IGT and the subsequent
development of type 2 diabetes.
A decrease in the acute insulin response, especially during first phase release, is
also observed in prediabetes. This causes a delay in insulin action, which results in
postprandial glucose excursions. In addition, animal models have shown that
amyloid deposition occurs very early during disease development and may
compound the loss of beta-cells.
Together these factors can cause both impaired glucose tolerance (IGT) and
impaired fasting glucose (IFG). Interestingly, the A1C usually remains normal (≤6%)
in prediabetes, making the diagnosis difficult.
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Pathophysiology of Type 2 Diabetes
• Insulin resistance
•
•
•
•

Insulin receptor defects
Impaired glucose uptake
Elevated free fatty acids
Hyperinsulinemia (compensatory)

• Insulin deficiency
• Glucotoxicity
• Lipotoxicity
• Apoptosis
Gerich JE. Eur J Clin Invest. 2002;32(Suppl 3): 46-53.
Petersen KF, Shulman GI. Am J Cardiol. 2002;90(Suppl):11G-18G.

This brings us to the discussion of the pathophysiology of type 2 diabetes. Type 2
diabetes involves a combination of physiologic changes that lead to insulin
resistance and insulin deficiency.
Insulin resistance may occur through the down regulation of cell surface insulin
receptor levels. These changes lead to abnormalities in glucose transport within the
muscles and liver. The resultant accumulation of lipids and increased free fatty
acids (FFAs) further impair glucose uptake which causes the system to compensate
by increasing insulin secretion.
The elevated glucose and lipid levels also result in glucose and lipid toxicity which
causes a loss of beta-cell mass and function. The decline in insulin secretion leads
to further increases in both postprandial and fasting glucose levels. Central
adiposity, high plasma FFAs, and intracellular lipid further exacerbate insulin
resistance and decrease β-cell function (lipotoxicity).
Repeated stimulation of β-cells may lead to desensitization to glucose, exhaustion
(depletion of insulin) and, eventually, cell death through apoptosis (i.e., programmed
cell death). Increased hepatic output of glucose occurs much later during the
transition from impaired glucose tolerance to overt diabetes.
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Progression of Type 2 Diabetes
Postmeal Glucose

350
250

Fasting Glucose

Glucose
150
(mg/dL)
50

Insulin Resistance

300

Relative 200
Function
100
0

At Risk for
Diabetes
-10

-5

Insulin Level

Beta-Cell Failure
0

5

10

15

20

25

30

Years of Diabetes
Bergenstal, ©2001 International Diabetes Center

This slide graphically demonstrates progression of the disease.
Notice that individuals with type 2 diabetes may have had the disease for 10 or
more years before diabetes is diagnosed. In the earlier stages of the disease, there
is increasing insulin resistance. However, there is also a compensatory increase in
insulin release that restricts the increase in fasting plasma glucose initially. With
time, however, the postmeal glucose levels begin to rise.
When the beta-cell fails to compensate for the insulin deficiency in the presence of
persistent insulin resistance, then the fasting levels of plasma glucose as well as the
postprandial levels increase. Note that as the disorder progresses with increasing βcell failure, insulin levels have decreased significantly.
Treatment of diabetes should be directed to both defects simultaneously.
Unfortunately, present treatment tends to focus on end-stage disease (overt
diabetes) rather than prevention of complications during early years of diabetes
management. Physiological treatment of diabetes would suggest that insulin therapy
is an important consideration in individuals with type 2 diabetes soon after
diagnosis.
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Diagnostic Criteria for Prediabetes
and Diabetes
Fasting Glucose

mg/dL
160

Diabetes

140
120
100
80

IFG

IFG + IGT

Normal
Glucose

IGT

60

80

140

200

(mg/dL)

2-h Postload Glucose
ADA Committee Report. Diabetes Care. 2003;26:3160-3167.

To summarize, both fasting and postprandial blood glucose levels are important in
the diagnosis of both prediabetes and diabetes. The greatest risk for progression to
diabetes is present in those individuals who have both IGT and IFG.
IFG is diagnosed when FPG ≥100 mg/dL whereas the diagnosis of IGT is made
when PPG ≥140 mg/dL on 2 separate occasions. The diagnosis of diabetes, per the
American Diabetes Association, can be made by FPG that measures ≥126 mg/dL
on 2 separate occasions.
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Test Your Understanding
Which of the following statements is
FALSE?
A. Obesity and polycystic ovary syndrome
are risk factors for type 2 diabetes
B. Prediabetes is associated with IGT but
not IFG
C. Both insulin resistance and decreased
β -cell function occur in individuals with
type 2 diabetes

Let’s take this opportunity to test your understanding of the material we’ve
covered so far.
Which of the following statements is FALSE?
A. Obesity and polycystic ovary syndrome are risk factors for type 2 diabetes
B. Prediabetes is associated with IGT but not IFG
C. Both insulin resistance and decreased β-cell function occur in individuals
with type 2 diabetes
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Test Your Understanding
If you answered “B”… you are
correct!
IGT, IFG, or both are associated with
prediabetes

If you answered B, you are correct.
IGT, IFG, or both are associated with prediabetes.
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Rationale for Aggressive Therapy

Landmark Trials

What is the rationale for aggressive therapy in this population? There are several
landmark trials that provide compelling evidence that tight control of blood glucose
levels can slow the rate of development of diabetes-related complications.
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Lowering A1C Reduces
Complications
DCCT
(Type 1)
9% → 7%

Kumamoto
(Type 2)
9% → 7%

UKPDS
(Type 2)
8% → 7%

Retinopathy

↓63%

↓69%

↓17-21%

Nephropathy

↓54%

↓70%

↓24-33%

Neuropathy

↓60%

Macrovascular *

↓41%

A1C

↓16%

*Not significant because of small number of events.

The randomized controlled trials (RCTs) displayed on this slide have studied the
impact of lowering A1C on the incidence of diabetes-related complications. The
Diabetes Complications and Control Trial (DCCT) studied individuals with type 1
diabetes, whereas the Kumamoto study and the United Kingdom Prospective
Diabetes Study (UKPDS) investigated individuals with type 2 diabetes. In each
study, a reduction of the A1C was associated with a statistically significant reduction
of microvascular complications including reduced incidence of retinopathy,
neuropathy, and nephropathy. These studies were not able to demonstrate a
statistically significant reduction in macrovascular complications, possibly because
of the small number of events over the 6- to 10-year period of follow-up.
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UKPDS Key Findings
For each 1% reduction in A1C significant
reductions of:
• 14% for all-cause mortality
• 21% for deaths related to diabetes
• 14% for fatal and non-fatal myocardial infarction
• 12% for fatal and non-fatal stroke
• 37% for microvascular complications
• 19% for cataract extraction
• 43% for amputations and death from peripheral
vascular disease
• 16% for heart failure
Stratton IM, et al. BMJ. 2000;321:405-412.

The UKPDS investigated approximately 5,000 individuals with type 2 diabetes over
a 10-year period. The findings of this landmark study also revealed a relationship
between A1C and many clinical endpoints. Specifically, each 1% reduction in A1C
was related to impressive and statistically significant reductions in several
complications associated with diabetes and clear reduction in the death rate of this
population.
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UKPDS Key Findings (cont’d)
Patients achieving FPG <140 mg/dL based on initial
monotherapy
•
•
•
•

8% on dietary therapy
18% receiving metformin
24% receiving a sulfonylurea
42% taking insulin

Patients achieving A1C <7% based on initial
monotherapy
•
•
•
•

9% on dietary therapy
13% receiving metformin
24% receiving a sulfonylurea
28% taking insulin

Turner RC, et al. JAMA. 1999;281:2005-2012.

Further analysis of the UKPDS provides some insight into the therapeutic algorithms
needed to obtain glycemic control. Individuals were followed every 3 months for 9
years. Although monotherapy increased the proportion of individuals that attained
the A1C goal (<7%) by 3-fold, only 50% could maintain this goal for 3 years. That
number declined to 25% after 9 years. In fact, the majority of individuals needed
multiple agents to maintain the target A1C goal.
Greater severity of hyperglycemia as well as obesity was a limiting factor for
reaching target goals.
The authors also concluded that due to progressive β-cell decline, the majority of
patients will eventually require insulin to obtain A1C levels below 7%.
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UKPDS Key Findings (cont’d)
• Lowest risk in patients with A1C <6%; no
threshold
• 53% of patients receiving sulfonylurea
therapy in the UKPDS required insulin after
6 years
• Insulin and sulfonylureas do not increase
cardiovascular risk
Stratton IM, et al. BMJ. 2000;321:405-412.
Wright A, et al. Diabetes Care. 2002;330-336.
UKPDS. Lancet. 1998;352:837-853.

Finally, the UKPDS revealed that individuals with the lowest risk had A1C levels <6%.
However, there was no apparent threshold for reductions in A1C for any type of
complication associated with diabetes.
More than half of the individuals who started on OADs required the addition of insulin
after 6 years because their FPG was over 108 mg/dL despite maximal doses of
sulfonylurea therapy. Note that 108 mg/dL was defined as being the upper limit of
normal by the investigators.
The study also verified the safety of the combination of insulin and sulfonylureas.
There was no increase in cardiovascular risk when these drugs were used together.
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Glycemic Control
Normal A1C ≤6.0%

A1C = PPG + FPG

ADA. Diabetes Care. 2001;24:775-778

It should now be clear that restoring glycemic control is an important goal in the
treatment of type 2 diabetes. However, before we go further, let’s define what
normal control is, and clarify what is being measured when the A1C is used to
monitor the cumulative impact of long-term glycemic control.
Normal A1C is a value that is ≤6%. It represents an average blood glucose level of
135 mg/dL. On average, a 1% increase in A1C corresponds to an increase in mean
plasma glucose of ~35 mg/dL.
The A1C level is a function of both fasting and postprandial glucose (PPG)
exposure. Although the exact contribution of each variable is unknown, it should be
noted that the PPG may be responsible for up to 40% of daytime hyperglycemia.
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Relative Risk of Death*

DECODE Trial: The Role of PPG

2.4
2.0
1.6
1.2
1.0
<110

110-125 126- 139
>140
Fasting Plasma Glucose (mg/dL)

>199
140-198
<140
2-h Postprandial
Glucose (mg/dL)

*Adjusted for age, sex, study center
Adapted from Decode Study Group. Lancet. 1999;354:617-621

The DECODE study was a multinational European research project that
studied the relationship of fasting and postprandial blood glucose levels and
risk of death. In all three levels of fasting glucose comparison (horizontal)
there was no additional increase in risk noted. However, when you evaluate
the increase in risk associated with increased 2-hour post challenge plasma
glucose, the risk is significantly increased at all three postprandial levels.
Individuals who had an FPG of <110 mg/dL but a 2-hour postmeal glucose of
≥200 mg/dL had an almost 2-fold increased risk of death.
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Postprandial Control
Postprandial glucose excursions become more
predominant in patients with good control of
fasting glucose

<7.3

7.3-8.4

8.5-9.2

9.3-10.2

>10.2

A1C (%) quintiles
Monnier L, et al. Diabetes Care. 2003;26:881-885.

Several studies, including NHANES III, have suggested that postprandial
hyperglycemia is common in individuals with type 2 diabetes and that it is
even present in many individuals who have an A1C value close to target.
A recent study (2003) compared the fasting and postprandial contributions to
glycemic control in individuals not responding to therapy with two OADs. In
this study, 290 individuals with type 2 diabetes were studied. In mild to
moderate hyperglycemia, which they defined as an A1C of <8.4%, 60% to
80% of the glucose contribution came from postmeal excursions. It was not
until the A1C was >8.5% that the fasting blood glucose made the higher
contribution. More studies are needed, but it is very suggestive that
postprandial glucose measurements are not only warranted but necessary if
improved glucose control is the goal.
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Current Treatment Goals
ADA

AACE

<7%

≤6.5%

Fasting/preprandial
glucose (mg/dL)

90-130

<110

2-hour postprandial
glucose (mg/dL)

<180

<140

Blood pressure (mm Hg)

<130/80

<130/85

LDL-cholesterol (mg/dL)

<100

<130

HDL-cholesterol (mg/dL)

>40

>35

Triglycerides (mg/dL)

<150

<200

A1C

American Diabetes Association. Diabetes Care. 2004;27:(Suppl 1): S15-S35.
American Association of Clinical Endocrinologists. Endocr Pract. 2002;8:(Suppl 1): 40-82.
American Association of Clinical Endocrinologists. Endocr Pract. 2000;6:1-52.

The treatment goals for diabetes include more than the A1C and fasting blood
glucose levels. They also include blood pressure and lipids.
Note that the targets differ between the guidelines of the American Diabetes
Association (ADA) and the American Association of Clinical Endocrinologists
(AACE). The glycemic targets are based on landmark studies showing that the risk
of developing microvascular and macrovascular complications increases
substantially once blood glucose and A1C levels exceed these recommended
values. The ADA favors tighter control of lipids and blood pressure whereas the
AACE favors tighter control of glycemia.
Regardless of which standard is adopted, diabetes care will demand continuous
medical care and comprehensive self-management to achieve these goals and to
prevent complications.
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Monitoring
The ADA recommends:
• SMBG

Varies (≥1 per day)

• A1C

At least 2X/year

•

every 3 months if goals not met or therapy changed

• Microalbumin

Annual

• Dilated eye examination

Annual

• Visual foot examination

Each visit

• Blood pressure

Each visit

• Lipid monitoring

At least annually

American Diabetes Association. Diabetes Care. 2004;27(Suppl):S15-S35.

To facilitate achievement of these goals, the ADA has established guidelines for
standards of care. These standards are reviewed yearly and are updated frequently
to keep the guidelines timely and appropriate. They include specific frequency for
measurements of control – A1C and self-monitored blood glucose (SMBG) - but
they also identify diagnostic testing to screen for the presence or absence of
diabetes-related complications. These guidelines should be individualized for each
patient.
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Quality of Care
Inadequate diabetes control and
management is common in the United States
• A1C >7%
• BP >140/90 mm Hg
• LDL >130 mg/dL

57%
34%
58%

• No A1C test
• No dilated eye exam
• No foot exam

71%
37%
45%

Saaddine JB, et al. Ann Intern Med. 2002;136:565-574.

Current practice, however, is not meeting the goals identified by the ADA standards.
An analysis of data collected from 1988 to 1994 from 1,026 participants with diabetes
in the third National Health and Nutritional Examination Survey (NHANES III) and
3,059 individuals with diabetes in the Behavioral Risk Factors Surveillance System
revealed a significant gap between the recommendations and practice.
Inadequate control of glycemia was found in 57% of individuals. More than one third
of the participants had hypertension and more than one half had an elevated LDL.
The previous year, only 29% had an A1C test, while 63% had a dilated eye
examination, and 55% had a foot examination.
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Glycemic Control from 1988 to 2000
1988-1994

1999-2000

(n = 8 million)

(n = 10 million)

A1C <7%

45%

36%

OADs Only

45%

52%

Insulin Only

24%

16%

Insulin + OADs

3.1%

11.0%

Diet Alone

27%

20%

Koro CE, et al. Diabetes Care. 2004;27:17-20.

Glycemic control has actually declined in the United States from 1994 to 2000 in
spite of the increase in treatment options that occurred after 1995.
Perhaps the reason for the failure to meet the A1C goal can be implied from other
data collected during the NHANES III.
Despite the fact that 64% of the individuals had an A1C over 7%, approximately
three fourths of the individuals were on dietary therapy only or oral antidiabetic
drugs (OADs). The authors of this study concluded that “these data lend support to
public health initiatives advocating early and aggressive management of diabetes.”
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Test Your Understanding
Which of the following statements is
TRUE?
A. An NHANES survey showed that most
patients get regular A1C monitoring
B. Insulin sensitivity declines in association
with progression of β-cell failure
C. The AACE goal for A1C is currently lower
than that of the ADA

Now, for another test.
Which of the following statements is TRUE?
A. An NHANES survey showed that most patients get regular A1C monitoring
B. Insulin sensitivity declines in association with progression of β-cell failure
C. The AACE goal for A1C is currently lower than that of the ADA
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Test Your Understanding
If you answered “C”… you are
correct!
The AACE goal for A1C is ≤6.5%
compared with <7% for the ADA goal.

If you answered C, you are correct.
The AACE goal for A1C is ≤6.5% compared with <7% for the ADA goal.

32

OAD Therapy for Type 2 Diabetes
Sites of Action
Pancreas

Gut

Impaired insulin = Insulin
deficiency
secretion

Carbohydrate absorption

Sulfonylureas

Acarbose
Miglitol

Glitinides

Liver

Hyperglycemia
Hepatic glucose
production
Metformin

Muscle

Glucose = Insulin
uptake
resistance
Rosiglitazone
Pioglitazone

Riddle M. Am J Med. 2000;108(6A):15S-22S.

Let’s now turn our attention to the treatment modalities available for type 2 diabetes.
There are a variety of pharmacologic options that can be employed.
This slide shows the impact of oral antidiabetic drugs on specific tissues. It broadly
divides into agents that: (i) stimulate the secretion of insulin (called insulin
secretagogues); and those that (ii) increase the sensitivity of tissues, both skeletal
muscle and liver, to insulin (insulin sensitizers). The thiazolidinediones (TZDs)
(rosiglitazone and pioglitazone) decrease insulin resistance in the muscles.
Metformin impacts the liver by reducing hepatic glucose production and output.
Alpha-glucosidase inhibitors work by slowing the digestion and absorption of
carbohydrates.
Oral agents can be used alone (monotherapy) or in combination. The most common
combination uses a secretagogue and insulin sensitizer that can have additive
effects on lowering A1C. As the disease progresses and β-cell failure becomes
more pronounced, insulin will be a requirement for many individuals.
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Treatment of Type 2 Diabetes
Year
0
Usual sequence
of interventions

4

7

10

Diet and
exercise

OADs

Diagnosis
of diabetes

Microvascular
complications

16

Combination Therapy
with OADs

20
Insulin

Typical clinical
course

Impaired glucose
tolerance and
insulin resistance

Development
of diabetes

More advanced
microvascular
and macrovascular
disease

More advanced
disease

Death

Nathan DM. N Engl J Med. 2002;347:1342-1349.

In 2002, David Nathan outlined the legacy of diabetes treatment. Traditionally, diet
and exercise followed by monotherapy and then combination therapy was the
standard of care. Transition from one medication to another was often protracted
with long periods of inadequate control before treatment was modified. In many
cases, insulin was often not initiated until 16 years post diagnosis.
However, most individuals have advanced micro- and macrovascular disease as
early as 6 to 10 years post diagnosis. Despite the fact that insulin may be the most
potent and effective agent available when dosed properly, it is generally used last.
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Insulin Therapy in Type 2 Diabetes
Advantages
• Most effective in lowering blood glucose
• Allows more flexible meal planning with
intensive therapy
• Improves insulin sensitivity by reducing
glucotoxicity and lipotoxicity
• Can be matched to the individual needs of
patients
Riddle M. Am J Med. 2000;108:1S.
Chan JL, Abrahamson MJ. Mayo Clin Proc. 2003;78:459-467.

Insulin is the most studied and effective drug for the treatment of diabetes. Insulin is also
associated with reductions in glucotoxicity and lipotoxicity caused by elevated glucose and
lipids, respectively.
Insulin should be considered for initial therapy in individuals with symptoms such as
marked hyperglycemia, ketonuria, or intolerance to OADs.
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Current Issues
• Incidence of type 2 diabetes is increasing at an
alarming rate
• Diagnosis often not until 9 to 12 years after
onset of development
• Many already have significant microvascular and
macrovascular complications

• Current diabetes care is not optimal
• Starting insulin sooner or intensifying insulin
therapy
• Insulin is most effective and safest drug (when dosed properly)
• Physiological rationale
• Inevitable failure of OADs
Narayan KMV, et al. JAMA. 2003;290:1884-1890.
Riddle M. Am J Med. 2000;108:1S.

The prevalence of diabetes is increasing at an alarming rate - a 61% increase in the
last 10 years. One in 3 Americans born in 2000 will develop diabetes based on
present estimates.
Sadly, type 2 diabetes is usually not diagnosed until 9 to 12 years after the onset
and many individuals present with complications at the time of diagnosis.
Although substantial advances have been made in diabetes care, glycemic control
is still not optimal. Diagnosing individuals earlier and closely monitoring their
progress in meeting therapeutic goals may improve the situation.
To counter the rising tide of complications, many healthcare professionals are
advocating the use of insulin earlier in the progression of the disease than is
currently practiced.
Insulin is the most studied and effective drug for the treatment of diabetes.
Development of insulin analogs with more predictable pharmacokinetic and
pharmacodynamic properties has increased dosing accuracy and reduced the
incidence of hypoglycemia. Since OADs will inevitably fail in many individuals,
insulin should be used as soon as it is clear that glycemic control cannot be
maintained with OADs alone.
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Rationale for Earlier Use of Insulin
• Corrects deficiency
• May reverse glucose toxicity
• Insulin is inevitable for most patients
• Inadequate control with OADs
• Inadequate glycemic control linked to
morbidity and mortality
• ↑ costs of treating complications vs. cost
of insulin therapy
Marre M. Int J Obes Relat Metab Disord. 2002; 26(Suppl 3):S25-S30.

Why use insulin earlier? The previous slides have demonstrated that glycemic
control is not being achieved using the traditional stepwise approach. Studies have
confirmed that poor control leads to a high morbidity and mortality, low quality of life,
and higher healthcare costs.
It is essential that glycemic control be maintained and that individuals be treated
with the most effective regimens in a timely manner. Since progression of type 2
diabetes is associated with β-cell failure, insulin is inevitably required by many
individuals. Early use of insulin corrects the deficiency and reverses glucose toxicity.
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Key Messages
• Intensive and aggressive pharmacotherapy
is required for most patients
• Many patients with type 2 diabetes will
eventually need insulin due to progressive
loss of β -cell function
• Initiating insulin sooner may maintain
glycemic control and delay onset and
progression of microvascular complications

To summarize, type 2 diabetes is a progressive disease. Because of the inevitable
decline of β-cell function, insulin is an expected therapeutic intervention.
Maintenance of glycemic control is critical for the prevention of complications and to
slow progression of existing complications. Physiologic pharmacotherapy is an
effective method of treating diabetes. Initiating insulin therapy sooner and without
undue delay may maintain glycemic control and delay the onset of complications.
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Test Your Understanding
Many patients with type 2 diabetes
will eventually require insulin
because of:
A. OAD therapy failure
B. Progression of β-cell failure
C. Insulin resistance
D. All of the above

It’s time for another test question.
Many patients with type 2 diabetes will eventually require insulin because of:
A. OAD therapy failure
B. Progression of β-cell failure
C. Insulin resistance
D. All of the above
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Test Your Understanding
If you answered “D”… you are correct!
Many type 2 diabetes patients will eventually
require insulin because of OAD treatment
failure, β -cell failure, and insulin resistance.

If you answered D, you are correct.
Many type 2 diabetes patients will eventually require insulin because of OAD
treatment failure, β-cell failure, and insulin resistance.
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Patient Barriers to Insulin Therapy
• Perceived as last resort (failure)
• Fear of injection and insulin
• Social stigma

• Symptoms not indicative of disease severity
• Do not understand goals
• Fear of hypoglycemia and weight gain
• Inadequate adherence
• Resist more frequent monitoring
• Interference with daily routines and privacy

Insulin therapy is not without challenges. Psychological insulin resistance is a real
phenomenon. Individuals with diabetes often feel that insulin is the beginning of the
end. They fear taking the injection and feel that insulin is a stigma. Insulin therapy
can, in fact, be a real pain both literally and figuratively. It is intrusive, can limit
spontaneity, and interfere with daily activities. As a consequence, adhering to an
insulin regimen has been difficult for many patients.
Because symptom severity is not indicative of disease severity, many individuals do
not comprehend the need for optimal glycemic control nor its role in preventing
complications.
In addition, individuals fear that they will experience hypoglycemia and will gain
weight.
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Barriers to Insulin Therapy for
Healthcare Providers
• Lack of
• Training
• Time
• Support and resources

• Fear of
•
•
•
•

Hypoglycemia and weight gain
Injection and insulin
Patient’s anger and alienation
Complex treatment regimens

Miller CD, et al. Diabetes Care. 2000;23:444-448.
Korytkowski M. Int J Obes Relat Metab Disord. 2002; 26(Suppl 3):518-524.

Healthcare professionals have issues with insulin therapy as well. Starting an
individual on insulin is considered onerous when time, support, and resources are
scarce. Some providers are reluctant to alienate the individual since anger is a
frequent initial response. Insulin signifies a last resort to many healthcare providers
as well. They also have concerns related to weight gain and risk of hypoglycemia.
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Overcoming Barriers for Patients
• Education and support
• Symptoms and disease progression
• Managing hypoglycemia and weight gain
• Insulin delivery devices
– Reduce trauma and anxiety

• Insulin analogs

• Diabetes care team
• Counseling
Korytkowski M. Int J Obes Relat Metab Disord. 2002; 26(Suppl 3):518-524.
Ratner R. Pract Diabetol. 2004;23:14-24.

To counter psychological insulin resistance, individuals need to understand what diabetes is and how it
is treated. In other words, education is vital - education of both the individual with diabetes and the
healthcare provider.
Emphasis should be given to describing the progressive nature of the disease and the role of insulin.
Insulin is a natural hormone that is diminished in diabetes. Its use should be described as an adjunct,
not as a threat or a punishment. Emphasis should be given to the goal of glycemic control rather than
insulin avoidance. In fact, introducing insulin at the time of diagnosis might reduce some of the
preexisting myths of the process. Some clinicians even advocate having the individual self-inject with
saline soon after diagnosis to mitigate the fear associated with the process of self-injection. To reduce
the fear of insulin reactions such as hypoglycemia, individuals need to learn about prevention and
treatment with the first injection of insulin.
Presenting the individual with options for insulin delivery systems may also make the process of
injection easier. Many individuals report that the use of insulin pens or dosers makes them more
comfortable injecting in public. They describe them as easier to learn and state that they have more
confidence in their ability to accurately prepare a dose. In addition, current needles are both thinner and
smaller assuring minimal discomfort from the injection. There are even jet injectors for those individuals
who want to avoid a needle entirely.
The perception that insulin causes complications should be addressed. Patients need to understand
that high blood glucose levels cause complications, not insulin. If insulin therapy is begun late in the
disease process, it cannot reverse this damage. The goal of treating individuals sooner with insulin is to
prevent a downward spiral caused by the effects of long-term hyperglycemia.
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Overcoming Barriers for
Healthcare Providers
• Education and support
•
•
•
•

Pathophysiology
Treatment options and glycemic control
Minimize risk of hypoglycemia
Minimize weight gain

• New insulin formulations
• Better control and more physiological

• Insulin delivery devices
• Easier to teach
• Patient satisfaction

The majority of patients with type 2 diabetes are treated by primary-care physicians
(PCPs). Unfortunately, they have limited time and resources to manage patients,
particularly those who require intensive treatment. Barriers to insulin therapy may be
overcome by providing PCPs with more education and support on treatment options
and management as well as information on new insulin formulations and delivery
systems.
The importance of glycemic control in preventing and stabilizing complications
needs to be reinforced. The differences in treatment options need to be clarified and
the pros and cons of each therapeutic agent should be defined. Knowing more
about the action of each drug will allow the provider to make a selection that would
better fit the needs and lifestyle of the individual. The newer insulin delivery devices
may allow healthcare professionals to suggest options that may be easier to use
and better accepted by many individuals.
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Types of Human Insulin
Type

Onset
(hrs)

Peak
(hrs)

Duration
(hrs)

2-3*

6-8

Short-acting human insulin (rDNA origin)
Regular

0.5-1

Intermediate- and long-acting human insulin (rDNA origin)
NPH

2-4

6-10*

14-18*

Lente®

3-4

6-12

16-20

Ultralente®

6-10

10-16

20-24

Skyler JS. Insulin treatment. In: Leibovitz H, ed. Therapy for Diabetes Mellitus and Related Disorders. 3rd ed.
American Diabetes Association, Inc; 1998:187.
*Product labeling of Novolin® R puts the upper limit of peak action at 5 hrs; product labeling of Novolin® N puts the
range of peak action at 4-12 hrs, and duration of action up to 24 hrs

This slide reviews the action of specific human insulin formulations. Endogenous
insulin is secreted continuously with peaks following meals. By using a combination
of both short- and intermediate-acting insulins, it is possible to mimic basal and
prandial insulin secretion.
Frequently, short-acting insulin is used to provide coverage at a meal or to correct a
high glucose level. However, because of the prolonged duration of Regular insulin, it
also contributes to the basal insulin levels. Intermediate- and long-acting insulin
formulations are used to provide basal coverage. These insulins have a peak that is
often used to cover the prandial needs of an individual as well. Premixed human
insulin formulations are also available. They contain a short-acting insulin (30%) and
an intermediate-acting insulin (70%). A 50/50 formulation is also available.
The timing of insulin action displayed on this slide varies in individuals and from time
to time in the same individual.
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Types of Insulin Analogs
Brand Name

Onset
(hrs)

Peak
(hrs)

Duration
(hrs)

Rapid-acting insulin analogs (rDNA origin)
Humalog®

0.25-0.5

0.8-4.3§

4-6

NovoLog®

<0.5††

1-3*

3-5*

None*

10.8-24*

Long-acting insulin analog (rDNA origin)
Lantus®

1†

Premixed insulin analogs (rDNA origin)
Humalog® Mix75/25

<0.5*

1-6.5*

~22*

NovoLog® Mix 70/30

<0.5*

1-4*

≤24*

Skyler JS. Insulin treatment. In: Leibovitz H, ed. Therapy for Diabetes Mellitus and Related Disorders. 3rd ed.
American Diabetes Association, Inc; 1998:187.
* Product labeling information
† Lepore M, et al. Diabetes. 2000;49:2142-2148
†† Mudaliar SR, et al. Diabetes Care. 1999;22:1501-1506.
§From Humalog Mix75/25 labeling information, p.9.

Insulin analogs were developed to better mimic normal insulin action. Notice that
these rapid-acting insulin analogs are characterized by both shorter onset and
duration. Because of their more predictable absorption profiles and onset of action,
these insulin analogs are often associated with improved glycemic control.
The rapid-acting formulations allow the individual more flexibility in meal timing and
their quick onset and duration have the potential to provide improved glycemic
control after meals. The long-acting insulin analog is relatively peakless. Insulin
analogs are associated with fewer hypoglycemic episodes compared with
conventional human insulin (i.e., regular and NPH).
The choice of a dosing regimen is often determined by the blood glucose pattern of
the individual as well as the patterns of eating and activity. Glucose control can be
achieved using a wide range of dosing algorithms. Through the use of flexible
insulin dosing regimens, individuals can opt for an insulin plan that fits their
metabolic needs as well as their lifestyle.
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Examples of Insulin Regimens
•

One Injection
•
•

•

Two Injections
•

•

•

Breakfast and dinner – premixed formulation

Three Injections
•

Add lunchtime short- or rapid-acting insulin or analog to
injection premixed regimen

•
•
•

Breakfast – premixed formulation
Dinner – rapid- or short-acting insulin or analog
Bedtime – intermediate- or long-acting insulin or analog

Multiple Injections (Basal/Bolus)
•
•

•

Intermediate-acting insulin or long-acting analog at bedtime
Premixed formulation before dinner

3 x Mealtime – short- or rapid-acting insulin or analog
Bedtime – intermediate- or long-acting insulin or analog

Insulin Pump
•

Alternative to multiple injections

Examples of the multiple options for insulin therapy in individuals with type 2 diabetes are displayed here. Not
every option is appropriate for every individual. Selection depends on the amount of residual insulin, the
degree of glucose control, and the daily activities of the individual.
A single injection of an intermediate-acting insulin or long-acting insulin analog at bedtime can be used to
supplement endogenous basal secretion and OAD action, and to help correct an elevated fasting glucose
level. Alternatively, a premixed (insulin or insulin analog) formulation can be used at dinnertime to provide
basal and postdinner coverage. If patients are not meeting glycemic goals with these regimens, 2 injections
will be needed. A common approach is to use a premixed formulation containing rapid- and intermediateacting insulins or analogs before breakfast and dinner.
For patients still not meeting their goals, a third injection with a short-acting insulin or rapid-acting insulin
analog can be added at lunchtime. Patients who experience nocturnal hypoglycemia or morning
hyperglycemia on a 2-injection regimen may also need 3 injections. The risk of nocturnal hyperglycemia can
be reduced by prescribing a bedtime intermediate- or long-acting insulin or analog, a short-acting insulin or
rapid-acting insulin analog at dinner, and a premixed formulation at breakfast.
Many individuals eventually require 4 or more injections to cover both basal and mealtime needs, basal/bolus
therapy. Despite requiring more injections, this plan allows the greatest degree of flexibility. The individual can
choose when to eat and match insulin coverage to food intake. Insulin pumps, rather than multiple injections,
can also be used by suitable candidates.
Regardless of the plan, education is needed. The individual must be informed regarding the actions of insulin,
the impact of food, and the targets of glucose.
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Insulin Delivery Systems
• Vial and syringe
• Durable pens and dosers
• Disposable pens and dosers
• Jet injectors
• Pumps

To make these regimens less complex and more likely to fit in with the lifestyle of the individual,
insulin is available in several different delivery devices. The traditional vial and syringe is well
known but may be a barrier to patient acceptance and compliance with insulin therapy.
Today, insulin formulations are available in cartridges that can be placed into insulin pens and
dosers. Prefilled disposable pens that do not require cartridges are also available. These devices
offer individuals discreet, accurate, and flexible dosing options.
Comparisons of patient attitudes to insulin pens, dosers, and insulin pump therapy versus multiple
daily injections using the traditional vial and syringe have shown that individuals generally prefer
the former devices. Despite this, vial and syringe administration remains the most common insulin
delivery method in the United States. In contrast, insulin pens are the most common insulin
delivery system in Europe.
Jet injectors are needleless devices that pressurize the insulin and offer an alternative for
individuals who do not wish to use needles.
Insulin pumps are battery-powered delivery systems that enable basal doses of insulin to be
delivered continuously without the need for multiple injections. The individual must still monitor the
blood glucose level and make decisions about the dose required for a meal or snack. Once the
decision is made, they must activate the pump to deliver that dose. However, the system does
allow the individual a great deal of flexibility and permits exquisite fine-tuning of the insulin doses.
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Summary
• Aggressive treatment is necessary to
achieve glycemic targets and prevent
complications
• Treatment should be matched to
pathophysiology of the disease
• Treatment plan should be changed when
targets not met
• Insulin should be considered sooner for
patients whose blood glucose is not
controlled or in patients with
contraindications to other therapies

In conclusion, type 2 diabetes is a complex metabolic disorder that requires
aggressive treatment to maintain targeted glycemic control and prevent
complications. Since the pathophysiology of the disease involves both insulin
deficiency and resistance, treatment should address both defects.
Individuals need to be monitored and treatment should be changed without undue
delay when glycemic control is no longer adequate. Delays in changing therapy
may cause further microvascular (and perhaps macrovascular) damage. The
advances in insulin formulations and insulin delivery systems make insulin a more
viable option for individuals not maintaining control on OADs.
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