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This program is supported by an educational grant from Novo Nordisk Inc. It has 
been accredited by the American Association of Diabetes Educators (AADE) for 
nurses, pharmacists, and dietitians.



The following program is a taped presentation by Virginia Peragallo-Dittko.

Virginia Peragallo-Dittko has been the Director of the Diabetes Education Center at 
Winthrop-University Hospital in Mineola, New York, since 1985. She holds 
academic appointments as clinical associate faculty for graduate education at City 
University of New York, Hunter-Bellevue School of Nursing, Molloy College 
Department of Nursing, and Adelphi University School of Nursing.

She serves as Editor-in-Chief of program publications for the American Diabetes 
Association. In 1990, Ms. Peragallo-Dittko was named Diabetes Educator of the 
Year by the American Association of Diabetes Educators and was named 2002 
Diabetes Educator of the Year and 2004 Administrator of the Year by the 
Metropolitan New York Association of Diabetes Educators. Ms. Peragallo-Dittko 
was chosen as the American Diabetes Association 2007 Outstanding Educator in 
Diabetes. She serves as Associate Editor of The Diabetes Educator journal. She is 
editor of the textbook
A Core Curriculum for Diabetes Education, second edition and addendum. She has 
been published in the area of diabetes education in books as well as lay and 
professional journals. Ms. Peragallo-Dittko has lectured extensively for both lay and 
professional audiences and has participated in both radio and television interviews.

We will now join Ms. Peragallo-Dittko.
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The objectives of this educational activity are to:

• Explain the progressive physiologic changes that necessitate a transition to 
insulin in patients with type 2 diabetes

• Discuss the benefits of achieving near-physiologic glycemic levels and how 
insulin therapy can help patients with type 2 diabetes attain and maintain these 
levels

• Describe the different types of insulin and insulin delivery systems

• Explain the process of initiating and titrating insulin therapy
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The program objectives are slightly different for pharmacy technicians.
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We begin this program about insulin therapy with a review of the physiologic role of 
endogenous insulin. 

As shown in this diagram, insulin has a broad range of physiologic effects, including 
the stimulation of glucose storage by the liver, the enhancement of glucose uptake 
by skeletal muscle, and the suppression of fatty acid release from adipose tissue.

Insulin also stimulates the intracellular use of amino acids and inhibits the 
breakdown of glycogen, fat, and protein.

Although our most common physiologic association with insulin is to lower blood 
glucose levels, you can see that insulin physiology is broader.



6

Laboratory investigations have demonstrated that physiologic responses to glucose 
administration are markedly different in persons without diabetes and in those with 
type 2 diabetes.

In persons without diabetes, glucose-evoked insulin secretion from pancreatic � -
cells is biphasic. As shown by the graph at the left of this slide, individuals with 
normal � -cell function have an immediate, intense response to glucose 
administration that lasts about 10 minutes. Following this first-phase response, 
persons without diabetes have a more moderate second-phase response that 
persists until 90 minutes to 2 hours after the administration of glucose.

Individuals with type 2 diabetes experience a gradual deterioration of � -cell function 
that generally begins years before the development of diabetic symptoms and the 
diagnosis of diabetes. As shown by the graph at the right of this slide, this 
impairment of � -cell function often results in the loss of the first-phase response and 
the preservation of the second-phase response to glucose administration.
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The major causes of type 2 diabetes are � -cell dysfunction, which causes impaired 
insulin secretion, and insulin resistance, which is manifested by increased hepatic 
glucose production and reduced peripheral glucose uptake. There is a reciprocal 
relationship between � -cell function and insulin sensitivity, since changes in one 
directly affect the other; however, this relationship is not linear. Studies of � -cell 
dysfunction have shown that insulin secretory defects appear before the 
development of hyperglycemia and that these defects predict the progression from 
normal glucose tolerance to impaired glucose tolerance to diabetes. Longitudinal 
studies have shown that it is � -cell dysfunction rather than excessive body weight 
or insulin resistance that predicts the progression to diabetes.

The United Kingdom Prospective Diabetes Study, referred to as UKPDS, 
demonstrated the progressive nature of reduced insulin secretion in newly 
diagnosed patients with type 2 diabetes. � -Cell function, as measured by 
homeostasis model assessment, called HOMA, showed a steady decline over time. 
This decline explains why most patients with type 2 diabetes eventually require 
insulin if they are to maintain or achieve their glycemic targets. Although 
sulfonylurea-treated patients in the UKPDS had an increase in � -cell function from 
45% to 78% during the first year of the study, their � -cell function later decreased 
along the same slope as that of the diet-treated group. Similarly, in the metformin 
group, � -cell function initially increased but declined from 66% to 38% by year 6. 
This slide shows the relationship between � -cell function and the ability of 
sulfonylurea therapy to maintain glycemic targets in the UKPDS population. 
Patients with low-level � -cell function (<27.1%) had a risk of sulfonylurea failure that 
was 2.4 times that of patients with the highest level of � -cell function (� 55.1%).
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Identify the correct statement.

A. Insulin stimulates the liver to store glucose.

B. In persons without diabetes, insulin is secreted at a steady rate.

C. Insulin resistance is the best predictor of progression to type 2 diabetes.

D. Throughout the UKPDS, sulfonylurea-treated patients had stable � -cell 
function.
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The correct answer is A.

Insulin stimulates the liver to store glucose.
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Randomized controlled trials have established that the risk of microvascular 
complications in patients with type 1 and type 2 diabetes can be reduced by 
intensive glycemic control; that is, lowering the A1C to � 7%. However, the potential 
for intensive glycemic control to reduce macrovascular events has been less clear, 
specifically cardiovascular or CVD events. The Action in Diabetes and Vascular 
Disease–Preterax and Diamicron Modified Release Controlled Evaluation 
abbreviated as  ADVANCE and the Veterans Affairs Diabetes Trial, abbreviated as 
VADT, showed no significant reduction in CVD outcomes with intensive glycemic 
control. In the Action to Control Cardiovascular Risk in Diabetes trial, abbreviated 
as ACCORD, one arm of the trial was stopped early when participants who 
received very intensive glycemic control experienced increased mortality. Very 
intensive glycemic control was defined as a target A1C of less than 6%.

Recently, the American Diabetes Association, abbreviated as ADA, the American 
Heart Association, and the American College of Cardiology published a joint 
statement about the relationship between intensive glycemic control and 
cardiovascular outcomes. The panel concluded that major trials of intensive versus 
standard glycemic control have not demonstrated significant CVD event reduction 
during their randomized phases. However, The Epidemiology of Diabetes 
Interventions and Complications known as the EDIC trial was a long-term follow-up 
study of more than 90% of participants in the  Diabetes Control and Complications 
Trial, known as the DCCT. Both EDIC and the UKPDS cohorts suggest that 
treatment to A1C targets below or around 7% in the years soon after the diagnosis 
of diabetes is associated with long-term reduction in the risk for macrovascular 
disease. This long-term protective benefit of tight glycemic control soon after the 
diagnosis of diabetes is called “metabolic memory” or the “legacy effect.”
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This slide shows current glycemic recommendations for nonpregnant adults with 
diabetes of the ADA and the American Association of Clinical Endocrinologists, 
abbreviated as AACE. 

The ADA has defined several key concepts for setting glycemic goals. A1C is the 
primary target for glycemic control. Postprandial glucose may be targeted if a 
patient does not meet A1C goals despite the attainment of preprandial glucose 
goals. 

Glycemic goals should be individualized based on the duration of diabetes, an 
individual’s age and life expectancy, the presence or absence of comorbid 
conditions (especially cardiovascular disease and advanced microvascular 
complications), hypoglycemia unawareness, and individual patient preferences. For 
selected individual patients, health care providers might reasonably suggest even 
lower A1C goals than the general goal of <7%, as long as this can be achieved 
without significant hypoglycemia or other adverse effects. Patients likely to benefit 
from more stringent goals are individuals with a short history of diabetes, long life 
expectancy, and no significant cardiovascular disease. In contrast, a less rigorous 
A1C goal might be appropriate for individuals with a long history of diabetes, a 
known history of severe hypoglycemia, severe atherosclerosis, and/or advanced 
age or frailty.
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Hoerger and colleagues investigated whether glycemic control has improved in 
recent years among individuals with diagnosed diabetes. The investigators 
examined trends in A1C levels for adults with diabetes using 3 consecutive waves 
of the National Health and Nutrition Examination Survey known as NHANES: The 
first wave from 1999–2000 included 403 adults, the second wave from 2001–2002 
included 448 adults, and the third wave from 2003–2004 included 482 adults. The 
mean A1C level improved during the study period, from 7.82% for the 1999–2000 
wave to 7.47% for the 2001–2002 wave to 7.18% for the 2003–2004 wave. As 
illustrated by the graph on this slide, the overall proportion of individuals with an 
A1C <7% also increased over time, from 36.9% in the first wave to 56.8% in the last 
wave.

The investigators speculated that this gradual improvement in mean A1C levels 
might have been caused by the adoption of more stringent A1C goals after 
publication of the results of the DCCT and the UKPDS, the availability of new drugs 
(eg, metformin, thiazolidinediones), improved patient education programs, and 
increased Medicare coverage for diabetes-related supplies.

A disturbing aspect of these findings is that, although average A1C levels are 
improving, many individuals still are not meeting optimal control targets, and A1C 
levels and rates of suboptimal control are especially high in some demographic 
groups. Among Hispanic patients, the mean percentage of patients with an A1C 
<7% actually declined between the 2001–2002 wave and the 2003–2004 wave 
from 47.1% to 37.2%, respectively.
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Although the A1C reflects average glycemia over several months and has a strong 
predictive value for diabetes complications, the A1C test has some limitations. 
Conditions that affect erythrocyte turnover such as blood loss and hemoglobin 
variants can compromise test results. Furthermore, the A1C does not provide a 
measure of glycemic variability or hypoglycemia. For patients prone to glycemic 
variability, such as persons with severe insulin deficiency, glycemic control is best 
judged by combining the results of self-monitoring of blood glucose checks and the 
A1C test.

The table on this slide presents the correlation between A1C levels and estimated 
average glucose known as (eAG) levels. These relationships were established by 
the A1C-Derived Average Glucose  or ADAG trial, in which 507 adults with type 1, 
type 2, or no diabetes conducted frequent self-monitoring of blood glucose along 
with continuous glucose monitoring. The ADA recommends reporting  both the A1C 
and the eAG results when a health care provider orders the A1C test. The ADA 
Web site, diabetes.org, includes a calculator that automatically transforms A1C to 
eAG levels, as well as many  educational materials related to the eAG. Although 
many patients who practice self monitoring of glucose already see an “average 
glucose” value on their blood glucose meter, their eAG level is unlikely to match this 
value. Because individuals with diabetes often check blood glucose when their 
blood glucose levels are close to target range, such as upon awakening and before 
meals, the average of their meter readings is probably lower than their eAG, which 
represents an average of their glucose levels 24 hours a day, including postmeal 
periods of higher blood glucose levels, when individuals are less likely to check.
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Self-monitoring of blood glucose, abbreviated as SMBG, allows patients to evaluate 
their individual response to therapy and to assess whether glycemic targets are 
being achieved. Results of self-monitoring can be useful in preventing 
hypoglycemia and in adjusting medications, particularly prandial insulin doses.  
They also provide feedback about the impact of food choices and physical activity 
on blood glucose levels.

According to the ADA, patients using multiple insulin injections or insulin pump 
therapy should perform self-monitoring of blood glucose 3 or more times per day. 
For patients using fewer insulin injections, noninsulin therapies, or medical nutrition 
therapy and physical activity alone, blood glucose monitoring may be a useful guide 
to the impact of therapy. Postprandial blood glucose checks may help patients 
achieve their postprandial glucose targets.

When health care providers prescribe self-monitoring of blood glucose, they should 
ensure that patients receive initial instruction in monitoring techniques. Since the 
accuracy of results is instrument and user dependent, it is important for health care 
providers to evaluate each patient’s monitoring technique, not only initially, but also 
at regular intervals thereafter. 

Because optimal use of blood glucose monitoring data requires proper data 
interpretation, patients should be taught how to use their blood glucose data to 
adjust food intake, exercise, or pharmacologic therapy to achieve their glycemic 
goals. Health care providers should reevaluate these skills periodically.
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Among treatments for type 2 diabetes, insulin is the most effective at lowering 
glycemia. When used in sufficient doses, insulin can decrease any level of elevated 
A1C to, or close to, the therapeutic goal. Unlike other blood glucose–lowering 
medications, there is no maximum dose of insulin beyond which a therapeutic effect 
will not occur.

Insulin therapy has beneficial effects on triglyceride and high-density lipoprotein 
cholesterol levels, especially in patients with higher A1C levels.

The 2 major adverse effects of insulin therapy, weight gain and hypoglycemia, are 
well characterized and can be managed effectively. The start of insulin therapy is 
often associated with weight gain of approximately 2 to 4 kilograms, which is due 
primarily to reduced glycosuria. However, weight gain can be prevented through a 
combination of careful insulin titration, medical nutrition therapy, and physical 
activity.

Although insulin therapy is also associated with hypoglycemia, the prevalence of 
hypoglycemia is considerably lower in patients with type 2 diabetes than in those 
with type 1 diabetes. Patients can learn effective strategies for avoiding or 
minimizing hypoglycemia, and the use of insulin analogs has been shown to reduce 
the risk for hypoglycemia. 
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As the Diabetes Attitudes, Wishes, and Needs study also known as DAWN has 
confirmed, insulin is often considered a treatment of last resort for patients with type 
2 diabetes. However, the findings of many studies support the early use of insulin. 
Although type 2 diabetes is characterized by progressive � -cell dysfunction, insulin 
therapy may slow the rate of � -cell destruction by reducing glucotoxicity and 
lipotoxicity. Similarly, although insulin resistance is a major feature of type 2 
diabetes, insulin therapy may improve insulin sensitivity in the short term by 
reducing glucose toxicity.

Insulin therapy allows many patients who have not been able to keep their blood 
glucose values at goal with oral agents to reestablish glycemic targets without the 
use of complex regimens. Simple strategies for starting insulin therapy in 
combination with oral agents are often effective. When patients who are receiving 
oral agents begin insulin therapy, a structured titration program may enable them to 
reach their glycemic targets within several weeks or months.
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Nathan and colleagues have published a consensus algorithm for the initiation and 
adjustment of therapy in patients with type 2 diabetes. This revision of an algorithm 
previously published in 2006 includes classes of blood glucose–lowering 
medications that have recently been developed. The algorithm has 2 tiers: the first 
includes well-validated core therapies and the second includes newer, less well-
validated therapies. The basic principles underlying the algorithm are that health 
care providers should reinforce lifestyle interventions at every visit and check A1C 
every 3 months until the A1C is <7% and then at least every 6 months. The 
interventions should be changed if the A1C is � 7%.

As shown in this slide, which depicts Tier 1 interventions, Step 1 consists of lifestyle 
modifications and metformin therapy at diagnosis. Insulin initiation at the time of 
diagnosis is recommended for individuals presenting with weight loss or other 
severe symptoms or signs of hyperglycemia. If Step 1 treatments do not achieve 
the patient’s glycemic goals, another medication should be added within 2 to 3 
months of the initiation of therapy or at any time when the target A1C level is not 
reached. At Step 2, basal insulin (a long-acting insulin analog or neutral protamine 
Hagedorn [NPH] insulin) should be added for a patient with an A1C level >8.5% or 
with symptoms secondary to hyperglycemia. Other patients should receive a 
sulfonylurea other than glyburide, or chlorpropamide, which are associated with an 
elevated risk for hypoglycemia. Step 3 interventions consist of the initiation or the 
intensification of insulin therapy. Intensifying insulin therapy usually consists of 
additional injections, such as giving a rapid-acting insulin analog or a short-acting 
regular insulin before selected meals to reduce postprandial glucose excursions.
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Tier 2 of the algorithm presents less well-validated therapies that can be considered 
as Step 2 options in selected clinical settings. Specifically, when hypoglycemia is 
particularly undesirable, for example in patients who have hazardous jobs, the 
addition of pioglitazone or a glucagon-like peptide agonist may be considered. 

An important advantage of pioglitazone is that it does not cause hypoglycemia. 
Peripheral edema is a frequent adverse effect, and pioglitazone-treated patients in 
clinical trials had a 2-fold increased risk for congestive heart failure. Bone loss may 
also occur. Although rosiglitazone, another thiazolidinedione, has also been 
approved for the treatment of type 2 diabetes, the consensus group unanimously 
advised against its use because of the possible increased risk for myocardial 
infarction. 

Like pioglitazone, the glucagon-like peptide-1 agonists referred to as GLP-1 
agonists, including exenatide and liraglutide, do not cause hypoglycemia. They are 
associated with moderate weight loss defined as 2 to 3 kg over 6 months. 
Gastrointestinal disturbances, such as nausea, vomiting, and diarrhea, occur 
commonly, especially at the start of treatment. Use of a GLP-1 agonist is preferable 
to treatment with pioglitazone when promotion of weight loss is a major 
consideration and the A1C level is close to target or about <8.0%.

If these interventions are not effective in achieving the target A1C level or are not 
tolerated, the addition of a sulfonylurea other than glyburide or chlorpropamide 
could be considered. Alternatively, Tier 2 interventions could be stopped and basal 
insulin started.
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According to Tier 1 of the 2009 ADA/EASD consensus algorithm, a Step 2 
medication that could be given in conjunction with lifestyle modification and 
metformin is:

A. Glyburide

B. Insulin

C. Pioglitazone

D. Exenatide
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The correct answer is B, insulin.

According to Tier 1 2009 ADA/EASD consensus algorithm, insulin is a Step 2 
medication that can be given in conjunction with lifestyle modification and 
metformin. Another possibility is a sulfonylurea other than glyburide or 
chlorpropamide.
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A clear understanding of insulin therapy begins with studying the onset of action, 
peak, duration of action, and strength or concentration of insulin preparations. 
These properties determine the individuals for whom the different preparations are 
prescribed and the situations in which they are used.

As shown on this slide, onset of action varies from 5 to 15 minutes for the rapid-
acting insulin analogs and 1 to 2 hours for intermediate-acting (NPH) insulin and 
long-acting insulin analogs. Peak concentrations of the different preparations range 
from 1 to 2 hours for rapid-acting insulin analogs to 4 to 8 hours for NPH insulin and 
U-500 which is a highly concentrated insulin. The long-acting insulin analogs are 
considered peakless. The duration of action of the various products ranges from 4 
to 6 hours for the rapid-acting analogs to up to 24 hours for the long-acting analogs 
and U-500 insulin. Except for U-500 insulin, all of the commercially available insulin 
preparations have a strength of U-100. U-100 insulins contain 100 units of insulin 
per milliliter of liquid, whereas U-500 insulin contains 500 units of insulin per 
milliliter of liquid.
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This graph compares the time courses of different insulin preparations with the 
profile of physiologic endogenous insulin secretion, which is labeled on the slide as 
normal insulin secretion. The profile of physiologic insulin secretion is plotted on the 
black line. The basal component is shown at the far left and the prandial or 
mealtime component is represented by the peak. As shown by the dark blue and 
magenta lines, the time–action profiles of regular and NPH insulin are not 
conducive to reproducing the physiologic secretion profile of insulin.

Compared with the prandial component of physiologic insulin, regular insulin is 
absorbed more slowly and declines back to baseline more gradually. As shown by 
the light blue line, rapid-acting insulin analogs are absorbed, reach peak plasma 
levels, and decline back to baseline faster than regular human insulin. The rapid-
acting analogs more closely mimic mealtime or prandial physiologic insulin 
secretion than regular human insulin or NPH insulin.

As shown by the green line, long-acting insulin analogs are considered peakless, 
with flat action profiles, and thus reproduce the basal component of physiologic 
insulin secretion. In contrast, NPH insulin peaks between 4 and 8 hours after 
injection. The long-acting insulin analogs have a more predictable time course of 
action than NPH insulin.

Because they mimic physiologic insulin secretion more closely than regular or NPH 
insulin, insulin analogs are associated with a lower risk for hypoglycemia than these 
other preparations.
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Rapid-acting insulin analogs and short-acting insulin are used to manage the 
increases in blood glucose associated with meals. Therefore, they are used as 
components of multiple daily injection regimens, which mimic normal changes in 
insulin levels throughout the day. Rapid-acting insulin analogs, which have an 
onset of action of 5 to 15 minutes, are injected 15 minutes before the start of a 
meal. Short-acting insulin, which has an onset of action of 30 to 60 minutes, is 
injected 30 to 45 minutes before a meal.

The currently available rapid-acting insulin analogs are:

• Humalog® – insulin lispro 

• NovoLog® – insulin aspart 

• Apidra® – insulin glulisine 

The currently available short-acting insulins are:

• Humulin® R – regular human insulin

• Novolin® R – regular human insulin
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Intermediate-acting insulin and long-acting insulin analogs are used to mimic basal 
insulin levels to lower blood glucose between meals and overnight. Intermediate-
acting insulin such as NPH insulin has an onset of action of approximately 1 to 2 
hours, produces peak insulin levels within 4 to 8 hours, and has a duration of action 
of up to 18 hours. Long-acting insulin analogs are considered peakless and have a 
duration of action of about 24 hours. Intermediate-acting insulin and long-acting 
insulin analogs are usually given once or twice daily. Because NPH insulin is a 
suspension, it requires extensive mixing to ensure consistent absorption.

The currently available intermediate-acting insulins are:

• Humulin® N – NPH human insulin isophane suspension

• Novolin® N – NPH human insulin isophane suspension

The currently available long-acting insulin analogs are:

• Lantus® – insulin glargine 

• Levemir® – insulin detemir
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Premixed formulations, which were developed for patient convenience, were 
designed to approximate the profile of physiologic insulin. Premixed insulin 
formulations combine short-acting insulin with intermediate-acting insulin. Premixed 
insulin analog formulations combine rapid-acting insulin analogs with long-acting 
insulin analogs. Because all premixed formulations are suspensions, they require 
extensive mixing to ensure consistent absorption.

The currently available premixed insulin formulations are:

• Humulin® 70/30 – 70% NPH human insulin isophane suspension, 30% Regular 
human insulin 

• Humulin® 50/50 – 50% NPH human insulin isophane suspension, 50% Regular 
human insulin

• Novolin® 70/30 – 70% NPH human insulin isophane suspension, 30% Regular 
human insulin 

The currently available premixed insulin analog formulations are:

• Humalog® Mix75/25™ – 75% insulin lispro protamine suspension and 25% 
insulin lispro 

• Humalog® Mix50/50™ – 50% insulin lispro protamine suspension and 50% 
insulin lispro

• NovoLog® Mix 70/30 – 70% insulin aspart protamine suspension and 30% 
insulin aspart
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Unlike other commercially available forms of insulin, which have an insulin 
concentration of 100 units/mL, U-500 insulin has a concentration of 500 units/mL. 
U-500 insulin is intended for the treatment of patients with marked insulin 
resistance,  defined as a daily insulin requirement of >200 units so that a large dose 
of insulin may be administered subcutaneously in a reasonable volume. Persons 
most likely to benefit from U-500 insulin are individuals with genetic defects in 
insulin action, endocrinopathies, uncommon forms of immune-mediated diabetes, 
and other genetic syndromes associated with diabetes.

Although the U-500 concentration is available only as regular insulin, its 
pharmacokinetic profile is closer to that of U-100 NPH insulin than to that of U-100 
regular insulin. In contrast to U-100 regular insulin, the duration of action of U-500 
insulin is up to 24 hours. In patients with insulin receptor abnormalities, the duration 
of U-500 insulin is even more prolonged due to an insulin degradation deficiency.

Injections of U-500 insulin are given at least twice daily, often before breakfast and 
dinner. Because U-500 insulin is highly concentrated, extreme caution must be 
observed when drawing up the dose. The manufacturer recommends that, when 
possible, U-500 insulin should be administered with a tuberculin syringe, which has 
volume rather than unit markings. Patients should be under constant medical 
supervision during treatment with U-500 insulin. Although U-500 insulin costs more 
per milliliter than U-100 insulin or insulin analogs, the reduced volume of insulin 
administered translates into a reduced cost per unit of insulin compared with other 
forms of insulin. The only type of U-500 insulin currently available is Humulin® R U-
500 insulin.
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Part of developing an expertise in insulin therapy involves knowing about the latest 
insulin delivery devices. The major insulin delivery systems include disposable 
insulin syringes, durable and disposable insulin pens, and insulin pumps. 
Disposable insulin syringes with attached needles are available in different syringe 
sizes and are chosen according to the dose of insulin to be injected. Different 
needle lengths are also available. Short needles that are 5/16 inches long are 
appropriate only for individuals with a BMI or body mass index of <27 kg/m2.

Pen devices, a popular insulin delivery option in Europe for many years, were 
introduced into the United States in 1987. Insulin pens combine the insulin 
container and syringe into a single modular unit that allows for convenient and 
discreet insulin delivery. Pens are available in a variety of types and styles and may 
be durable meaning reusable or disposable and prefilled. Both durable and 
disposable pens hold cartridges of insulin. With the reusable pen, the patient loads 
a new insulin cartridge when the previously used cartridge is empty but keeps the 
pen; with the disposable pen, the patient discards the entire device when the 
cartridge is empty.

Continuous subcutaneous insulin infusion, known as insulin pumps, became 
available in 1974. An insulin pump consists of a reservoir filled with insulin, a small 
battery-operated pump, and a computer chip that allows the user to control insulin 
delivery. With most units, patients use an infusion set consisting of flexible tubing 
connected to a catheter under the skin.
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Injection technique can have a significant impact on the delivery of an accurate dose of 
insuin.The preferred site for the injection of insulin is the abdomen with the exception of a 
circle with a 2-inch radius around the umbilicus. Insulin may also be injected into the 
subcutaneous tissue of the upper arm and the anterior and lateral aspects of the thigh, and 
the buttocks. Rotation of the injection site is important for preventing lipohypertrophy or 
lipoatrophy. To reduce variability in insulin absorption from day to day, rotating within one 
area rather than rotating to a different area with each injection is recommended.

Before administering insulin, it is important to check it for signs of damage such as clumping, 
frosting, precipitation, or change in clarity or color. Rapid-acting insulin analogs, short-acting 
insulin, and long-acting insulin analogs should be clear and other preparations such as NPH 
and premixed insulin products should be uniformly cloudy. Detailed instructions on mixing 
insulin in preparation for injection are included in the ADA’s 2004 guidelines on insulin 
administration. For all insulin preparations except rapid-acting insulin analogs, short-acting 
insulin, and insulin glargine, the vial or pen should be gently rolled in the palms of the hands 
to resuspend the insulin. An amount of air equal to the required dose of insulin should be 
drawn up and injected into the vial to avoid creating a vacuum. After the insulin is drawn into 
the syringe, the fluid should be inspected for air bubbles, which can cause too small a dose 
to be given. One or two flicks of the forefinger against the upright syringe with the needle 
pointing up should allow the bubbles to escape.

Injections should be made into the subcutaneous tissue. Most individuals can lightly grasp a 
fold of skin, release the pinch, then inject at a 90�q angle. Thin adults can use short needles 
or may need to pinch the skin and inject at a 45�q angle to avoid intramuscular injection, 
especially in the thigh area. The needle should remain embedded within the skin for 5 to 10 
seconds after complete depression of the plunger to ensure complete delivery of the insulin 
dose.

If an injection seems especially painful or if blood or clear fluid is seen after withdrawing the 
needle, the patient should apply pressure for 5 to 8 seconds without rubbing. Blood glucose 
monitoring should be done more frequently on a day when this occurs. Insulin syringes, 
needles, and lancets should be disposed of according to local regulations.
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Studies have shown that insulin pens may improve the accuracy of insulin 
administration and increase adherence to insulin therapy. They are especially 
valuable for patients who have neurologic impairments or are using multiple daily 
injection regimens.

The process of administering insulin with a pen is generally similar to that for 
administering insulin with a syringe. Prior to injection, the insulin pen should be 
gently rolled in the palms of the hands to resuspend cloudy insulin preparations. 

Air bubbles are of particular concern with insulin pens. Although the air bubbles are 
not  dangerous, underdelivery of insulin can occur when they are present. Air can 
enter the pen reservoir during manufacture. It can also enter if the needle is left on 
the pen between injections. To prevent this potential problem, patients should avoid 
leaving a needle on a pen between injections and prime the needle with 2 units of 
insulin before dialing the dose.

When giving insulin with an insulin pen, the needle should remain embedded in the 
skin for 5 to 10 seconds after complete depression of the injection button to ensure 
complete delivery of the dose.
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The use of insulin pump therapy to maintain normal or near-normal glycemia can 
improve patients’ overall health and reduce the long-term complications of diabetes. 
Insulin pumps use rapid-acting insulin analogs, which provide near-physiologic 
delivery of insulin, or short-acting insulin. Insulin dosing is precisely delivered, to 
within one-hundredth of a unit.

Indications for pump therapy include a history of unpredictable hypoglycemia; 
marked dawn phenomenon; failure to achieve glycemic targets with the use of 3 or 
4 daily insulin injections; the desire for greater flexibility with regard to meal 
schedules, exercise, and travel; an unpredictable daily schedule; and pregnancy.

Essential traits of insulin pump users are the motivation to achieve and maintain 
glycemic targets; demonstration of advanced diabetes self-management skills; 
acceptance of day-to-day self-care responsibilities; realistic expectations about 
insulin pump therapy; the ability to self-monitor blood glucose and use the insulin 
pump; demonstration of effective coping patterns and problem solving; and 
availability of support systems.

Contraindications to pump therapy are unrealistically high expectations about its 
benefits; severe depression or other serious behavioral disorders that might distract 
the individual from paying attention to details that are critical to successful pump 
therapy; and a history of inadequate self-care behaviors and health care practices.
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Proper insulin storage also has an effect on the efficacy of insulin therapy. All in-
use insulin should be stored at room temperature, defined as 59�q F to 86�q F.  
However, insulin glulisine should not be stored above 77�q F. In climates where 
room temperatures exceed the recommended ranges, in-use vials can be 
refrigerated or stored in an insulated case. In-use insulin pens should not be 
refrigerated but can be stored in an insulated case.

Unopened insulin vials, cartridges, and prefilled pens should be refrigerated until 
use. After first use, the number of days that a vial or pen can be used varies with 
the insulin type and delivery system. Therefore, it is important to check the package 
insert for each type of insulin used to determine this information. When taking the 
first dose of insulin from a new vial or pen that has been refrigerated, some 
individuals prefer to roll the syringe or pen in their hands to warm the insulin prior to 
administration.

Recapping, bending, or breaking a needle increases the risk of needle-stick injury 
and should be avoided. Insulin syringes and pens, needles, and lancets should be 
disposed of according to local regulations. Some areas may have special needle 
disposal programs to prevent sharps from entering the main waste disposal stream. 
When community disposal programs are not available, used sharps should be 
placed in a puncture-resistant container. Local trash authorities should be 
contacted for proper disposal of filled containers. These filled containers should be 
kept away from containers to be recycled. In areas with container recycling 
programs, placement of containers of used syringes, needles, and lancets with 
materials to be recycled is prohibited.
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When preparing for an insulin injection, it is important to gently roll or rotate a vial 
that contains:

A. Clear insulin

B. Frosted insulin

C. Clumpy insulin

D. Cloudy insulin
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The correct answer is D.

When preparing for an insulin injection, it is important to gently roll or rotate a vial 
that contains cloudy insulin. Insulin that appears to be clumpy or frosted is 
damaged and should not be used.
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When initiating insulin therapy, it is important to match the insulin regimen to the 
lifestyle, concerns, and capabilities of the individual patient. Although a basal-bolus 
regimen is the ideal treatment plan in terms of physiologic action and overall 
glycemic control, many patients are reluctant to start with so complex a regimen. 
Patients who are hesitant about undertaking basal-bolus management at the start 
of insulin therapy often make the transition to multiple daily injection regimens after 
gaining confidence in their ability to use insulin safely and effectively in less 
intensive regimens.

As a patient transitions to insulin therapy, the health care provider should be 
prepared to change regimens based on the patient’s physiologic response to 
treatment and  individual preferences. The patient is the key player in the diabetes 
care team and should be trained and empowered to adjust medications with the 
guidance of health care professionals to achieve glycemic goals and to prevent or 
treat hypoglycemia.
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“Psychological resistance to insulin” refers to the reluctance of patients and health 
care providers to initiate insulin therapy when it would be beneficial. The DAWN 
study, an international, cross-sectional survey that addressed psychosocial issues 
associated with diabetes, showed that psychological resistance to insulin is 
common among patients and health care providers alike.

Peragallo-Dittko has described many strategies for reducing patients’ psychological 
resistance to insulin. Informing patients about the small, fine needles and other 
delivery options that are currently available may lessen their fears about injection 
pain. Patients’ concerns about hypoglycemia can be diminished by discussing 
strategies for reducing the risk for and the severity of hypoglycemia, such as 
practicing frequent blood glucose monitoring and recognizing and promptly treating 
hypoglycemic symptoms. In speaking with patients who are concerned about 
weight gain, health care providers can explain that changes in food intake and 
increased exercise can keep them from gaining weight. Patients concerned about 
the inconvenience of insulin therapy can be reassured that newer tools and options 
permit patients who use insulin to retain spontaneity and flexibility in their lives. In 
speaking with patients who equate beginning insulin therapy with personal failure, 
health care providers can explain that progressive � -cell dysfunction is a 
characteristic of type 2 diabetes.

By inviting patients to voice their concerns, engaging in active listening, and 
providing accurate information and emotional support, diabetes educators and 
other health care providers can facilitate the transition to insulin and contribute to a 
culture that encourages and supports the most effective diabetes management.
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The 2009 ADA/EASD consensus algorithm on the medical management of 
hyperglycemia in type 2 diabetes includes a separate algorithm for the initiation and 
adjustment of insulin regimens that is based on recommendations in a paper 
published in 2005 by Hirsch and associates.

According to the ADA/EASD algorithm, insulin therapy can begin either with 
intermediate-acting insulin at bedtime or with a long-acting insulin analog at 
bedtime or in the morning. The suggested starting dose can be 10 units or 0.2 
unit/kg. Based on the results of SMBG, the dosage can be increased every 3 days. 
Patients whose A1C is � 7% after 2 to 3 months can add a second injection, based 
on which of their values are out of range. Patients whose prelunch blood glucose is 
out of range can add a rapid-acting insulin analog at breakfast. Those whose 
predinner blood glucose is out of range can add NPH insulin at breakfast or a rapid-
acting insulin analog at lunch. Those whose prebedtime blood glucose is out of 
range can add a rapid-acting insulin analog at dinner. For patients whose A1C 
remains � 7% after 3 months and whose premeal blood glucose levels are out of 
range, it may be necessary to add a third injection. If the A1C still remains out of 
range, the health care provider should check 2-hour postprandial levels and adjust 
the dose of the patient’s preprandial rapid-acting insulin analog.

Important messages of the ADA/EASD algorithm are that there are multiple ways to 
initiate insulin therapy and that meeting the patient’s glycemic targets is likely to 
require considerable adjustments of the doses and types of insulin administered.
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The table on this slide shows the most commonly used insulin regimens. A regimen 
consisting of basal-only insulin plus oral agent(s) is appropriate for patients with 
high fasting blood glucose with minimal glucose rise during the day. Fasting blood 
glucose is abbreviated as FBG on the slide. Their postprandial glucose excursions 
are controlled adequately by oral medication.

Just to review, the postprandial blood glucose goal published by the ADA is less 
than 180 mg/dL. The AACE post prandial blood glucose goal is less than 140 
mg/dL. When basal insulin plus oral medications do not keep postprandial glucose 
readings within target range, a twice-daily regimen using a premixed insulin 
preparation injected before breakfast and dinner is an option. Health care providers 
can start patients with one injection per day at the evening meal and add the 
second injection as needed. Premixed insulin consisting of a rapid-acting insulin 
analog and intermediate-acting insulin analog is an option if the patient eats small 
lunches or misses lunch regularly. A biphasic insulin preparation consisting of 70% 
NPH and 30% regular insulin would be appropriate for individuals eating large 
lunches, although patients following this regimen should eat lunch at about the 
same time each day to avoid hypoglycemia.

A “basal-plus” regimen, consisting of basal insulin with the addition of a bolus dose 
of rapid-acting insulin before the most problematic meal, is appropriate for patients 
whose fasting blood glucose is at target but whose prelunch, predinner, or bedtime 
blood glucose is out of range. Basal-bolus therapy may be required for patients 
whose fasting blood glucose exceeds 250 mg/dL. It is also appropriate for any 
patient who is highly motivated to achieve tight glycemic targets.
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Two basal algorithms that simplify the process of starting insulin are the 303 
Algorithm and the Treat-to-Target Algorithm. The 303 Algorithm was used in the 
PREDICTIVE™ 303 Study. This 6-month study, which enrolled 5604 patients, 
evaluated the effectiveness of insulin detemir, using the patient self-adjusted dosing 
algorithm shown on this slide, compared with standard-of-care, physician-driven 
adjustments. Insulin detemir was to be started once daily as add-on therapy to any 
other glucose-lowering regimens or as a replacement for prestudy basal insulin. At 
26 weeks, the mean A1C decreased from 8.5% at baseline to 7.9% for the 303 
Algorithm group and from 8.5% to 8.0% for the standard-of-care group. Mean 
fasting plasma glucose values decreased from 175 mg/dL at baseline to 141 mg/dL 
for the 303 Algorithm group and decreased from 174 to 152 mg/dL for the standard-
of-care group.

The benefits of the Treat-to-Target Algorithm were shown in a 24-week clinical trial 
that enrolled 756 overweight patients who had an A1C >7.5% while receiving 1 or 2 
oral agents. During the study, patients continued their oral agents and received 
bedtime insulin glargine or NPH insulin once daily, titrated using the algorithm 
shown on this slide. At end point, mean fasting plasma glucose was similar with 
glargine and NPH (117 vs 120 mg/dL, respectively), and A1C levels were also 
similar (6.96% vs 6.97%, respectively).
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A prerequisite for successful insulin therapy is timely dose titration. This slide 
shows a titration schedule developed by Hirsch and colleagues that can be used 
with once-daily and twice-daily regimens to make safe and timely insulin 
adjustments.

Using this schedule, patients measure their blood glucose once or twice daily 
before breakfast or dinner, depending on their regimen. Based on data reported by 
the patient, the health care provider can make stepwise adjustments in response to 
average glucose values. Prebreakfast dose adjustments are based on predinner 
glucose results and predinner dose adjustments are based on prebreakfast glucose 
values.

During the dose-titration process, the patient should maintain weekly contact with 
the health care provider through visits or by sending blood glucose monitoring data 
to the provider’s office by telephone, fax, or e-mail. Based on these data, the health 
care provider can respond with instructions for dose adjustment.

If a patient is not at goal after 3 to 6 months of therapy or if recurrent hypoglycemia 
limits dose titration, the health care provider should consider changing the patient’s 
regimen.
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This table presents suggestions developed by Hirsch and colleagues for switching 
from one insulin regimen to another. For many patients, the transition to insulin 
therapy is smoothest when they begin with a single daily dose of insulin. As their 
confidence and experience increase, patients are likely to accept a transition to 
twice-daily doses and eventually to a basal-bolus regimen. For a patient who is not 
achieving glycemic targets with once-daily basal insulin, adding a rapid-acting 
insulin analog at the largest meal can serve as a bridge to basal-bolus therapy.

As an example of the transition from once-daily premixed insulin to a twice-daily 
premix regimen, let's consider the case of Donald Baker. Donald was initially 
receiving 64 units of a once-daily premixed insulin but was not reaching his 
glycemic targets. Donald’s clinician recommended changing his insulin dosage 
from once-daily to twice-daily by dividing his 64 units of premix insulin into two 32-
unit doses before breakfast and dinner. However, during the monitoring process 
Donald had several hypoglycemic episodes. Without knowing the exact cause of 
the hypoglycemic episodes, Donald’s clinician followed the recommendations by 
Hirsch and colleagues and reduced each dosage by 20%. Thus Donald’s 32 unit 
prebreakfast and predinner doses were modified to 20 units each.

Several weeks later Donald was still not at his target glycemic goal and he agreed 
to try multiple daily injections. Donald is currently receiving a total daily dose of 40 
units of premixed insulin (20 units twice daily). The approximate distribution of his 
total daily calories is 25% at breakfast, 25% at lunch, and 50% at dinner. Therefore, 
his initial basal insulin dose would be 40 units divided by 2 �˜ 80%, or 16 units. His 
initial prandial insulin dose at breakfast and lunch would be 20 units �˜ 25%, or 5 
units at each meal. His initial prandial insulin dose at dinner would be 20 units �˜
50%, or 10 units.
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One technique that patients who receive multiple daily insulin injections can use to 
help keep their blood glucose levels at target is to adjust their mealtime bolus dose 
of rapid-acting insulin analog or short-acting insulin using advanced carbohydrate-
counting skills.

A prerequisite to advanced carbohydrate counting is the determination of the 
individual’s insulin-to-carbohydrate ratio. The insulin-to-carbohydrate ratio is based 
on the principle that 1 unit of rapid- or short-acting insulin is needed to cover or 
match a specified amount of carbohydrate. The ratio is determined by calculating 
the individual’s sensitivity to insulin. Whereas adults who are not overweight may 
have an insulin-to-carbohydrate ratio of 1 unit per 10 grams of carbohydrate or 1 
unit per 15 grams, obese adults may have an insulin-to-carbohydrate ratio of 1 unit 
per 5 grams of carbohydrate.

The size of the mealtime bolus depends on the estimated number of grams of 
carbohydrate to be eaten at that meal. Training in advanced carbohydrate counting 
enables an individual to use the insulin-to-carbohydrate ratio to match the dose of 
insulin to planned carbohydrate intake. For example, Sam Stone, a patient with 
type 2 diabetes, has a calculated insulin-to-carbohydrate ratio of 1 unit per 8 grams 
of carbohydrate.  Sam usually consumes about 56 grams of carbohydrate at lunch, 
and therefore administers 7 units of his rapid-acting insulin analog before the meal. 
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The case of Brianna Montoya shows how an individual who has mastered the 
principles of advanced carbohydrate counting can use the insulin-to-carbohydrate 
ratio to match the dose of insulin to the planned carbohydrate intake.

Brianna is a 35-year-old professional. She was diagnosed with type 2 diabetes 5 
years ago and has used intensive insulin therapy for the last 18 months. Her current 
insulin-to-carbohydrate ratio is 1 unit of insulin per 15 grams of carbohydrate.

Brianna usually consumes about 30 grams of carbohydrate at lunch, and, therefore, 
administers 2 units of her rapid-acting insulin analog before the meal. However, if 
during her lunch at a fast casual restaurant she planned to eat an additional 15 
grams of carbohydrate, for a total of 45 grams, she would take 1 additional unit of 
insulin, for a total of 3 units.
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There are devices available for patients with special needs. Whenever possible, 
insulin should be self-administered by the patient. Many insulin delivery aids, 
including nonvisual insulin measurement devices, syringe magnifiers, needle 
guides, and vial stabilizers, are available for people with visual impairments. 
Information about these products is available in the ADA’s annual Resource Guide, 
which is published in the January issue of Diabetes Forecast. Supplemental 
information is available online at forecast.diabetes.org.

Persons who depend on others to draw their insulin may benefit from the use of 
prefilled syringes. Prefilled syringes are stable for up to 30 days when kept in a 
refrigerator. If possible, the syringes should be stored with the needle pointing 
upward or lying flat, so that suspended insulin particles do not clog the needle. The 
prefilled syringe should be rolled between the hands before administration unless 
the patient is receiving a rapid-acting insulin analog, short-acting insulin, or insulin 
glargine. A quantity of syringes may be premixed and stored. The effect of 
premixing insulin on glycemic control should be assessed by the health care 
provider, based on blood glucose results obtained by the patient. When premixing 
is required, consistency of technique and careful self-monitoring of blood glucose 
are especially important.

Pen devices may improve the accuracy of insulin administration for individuals with 
neurologic impairments.



As mentioned earlier, hypoglycemia is associated with insulin therapy. The 
incidence of iatrogenic hypoglycemia is considerably lower in type 2 diabetes than 
in type 1 diabetes, probably because of intact defenses against falling plasma 
glucose concentrations early in the course of type 2 diabetes. As shown by the 
graphs on this slide, episodes of severe hypoglycemia during clinical trials of 
aggressive therapy for diabetes ranged from 170 to 62 episodes per person-year in 
patients with type 1 diabetes compared with 73 to 3 episodes per person-year in 
patients with type 2 diabetes.

Causes of hypoglycemia include insulin or insulin secretagogue doses that are 
excessive, ill-timed, or of the wrong type; missing meals or snacks; decreased 
endogenous glucose production following alcohol ingestion; increased glucose 
utilization during and after exercise; increased insulin sensitivity during treatment 
with an insulin sensitizer following weight loss, increased fitness, or improved 
glycemic control; and decreased insulin clearance with changes in renal function.

Health care providers can help patients reduce the risk for hypoglycemia by 
addressing the issue of hypoglycemia in every patient contact, modifying the 
regimen of insulin and other medications if clinically indicated, and providing 
additional patient education as appropriate. Using long-acting insulin analogs rather 
than intermediate-acting insulin and rapid-acting insulin analogs rather than short-
acting insulin can also reduce the incidence of hypoglycemia. For patients with 
hypoglycemia unawareness, a 2- to 3-week period of scrupulous avoidance of 
hypoglycemia often restores hypoglycemia awareness.
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Louise Miles is a 53-year-old African American woman who lives in a suburb of a 
small Northeastern city. She has been married for 31 years to Roland, a social 
worker. The couple has 2 married sons, a 19-year-old daughter who is attending 
college, and a 15-month-old grandson.

Louise works as the office manager of a mid-sized accounting firm and has a 30-
minute commute to work. She is 62 inches tall, weighs 160 pounds, and has a BMI 
of 29.3 kg/m2.

During the busy season at work, Louise works long hours, eats lunch and dinner at 
unpredictable times, and sometimes skips lunch. She explains that she rarely took 
the time to exercise until 2 months ago, when she and a friend began walking for 30 
minutes 3 times per week. Louise has lost 8 pounds over the last 2 months, and 
attributes her success to her exercise regimen and making more nutritious, lower-
calorie food choices.
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Louise has a 7-year history of type 2 diabetes and began treatment for 
hyperlipidemia 12 years ago. Otherwise, her health history is unremarkable.

She takes maximum doses of 3 diabetes drugs: metformin 1250 mg twice per day,  
glyburide 10 mg twice per day, and pioglitazone 45 mg per day. She also takes 
atorvastatin 20 mg per day and aspirin 81 mg per day. Louise describes herself as 
a “methodical” person who takes her medication consistently. She is not aware of 
experiencing side effects from any of her medications.



47

Review of her laboratory values shows that Louise’s A1C was 7.5% with an eAG of 
169 mg/dL 6 months ago but that her A1C has risen to 8.3% with an eAG of 192 
mg/dL. At 110 � g/mg, her glomerular filtration rate indicates that she has changes 
in renal function.

When the health care provider asks Louise about any diabetes-related problems, 
she replies that her sleep has been disrupted for the last several months by the 
need to urinate, sometimes as often as 4 times per night. In addition, a recent eye 
examination showed early signs of retinopathy.

Louise remarks that despite her recent efforts to eat more nutritious foods, exercise, 
and lose weight, she is not able to reach her glycemic targets. She immediately 
adds that she is not interested in starting insulin therapy.
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In preparation for her appointment, Louise has kept a detailed log of her blood 
glucose  values for 3 days. Review of these values shows that Louise’s fasting 
blood glucose levels consistently exceed the ADA’s maximum preprandial value of 
130 mg/dL. Likewise, her predinner levels exceed the maximum preprandial value. 
All of her postbreakfast and postdinner levels exceed the ADA’s maximum 
postprandial value of <180 mg/dL. 

Several of her other blood glucose levels also exceed the target range, and even 
the values that are within target are at the high end of the range. 
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Louise’s A1C has risen during the last 6 months and many of her blood glucose 
values are out of range despite maximum doses of 3 oral medications and lifestyle 
modifications. She also has early signs of nephropathy and retinopathy. The 
evidence indicates that it is time for Louise to transition to insulin therapy.

When the health care provider explores the issue of why she is reluctant to begin 
treatment with insulin, Louise explains that a beloved aunt, who had type 1 
diabetes, had many severe episodes of hypoglycemia. During one of these 
episodes, she fell and sustained injuries from which she never fully recovered.

The response expresses empathy for Louise and her family, but also conveys 
information about hypoglycemia in type 2 diabetes. The health care provider 
explains that there are many strategies for avoiding hypoglycemia and treating it 
promptly when it does occur.
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According to the 2009 ADA/EASD insulin initiation algorithm, Louise’s alternatives 
for beginning insulin are a long-acting insulin analog at bedtime or in the morning, 
or an intermediate-acting insulin at bedtime. Louise says that she would prefer to 
take insulin in the evening rather than in the morning, when she is often rushed to 
get out of the house. Since Louise is especially concerned about hypoglycemia and 
the risk for hypoglycemia is lower with a long-acting insulin analog than with 
intermediate-acting insulin, the health care provider suggests use of the long-acting 
insulin analog.

Based on the algorithm, starting-dose alternatives are 10 units per day or 0.2 unit 
per kilogram. Since Louise weighs 160 pounds or 72.7 kg, her starting dose 
according to this method would be 14.5 units. The health care provider chooses a 
starting dose of 10 units for Louise. According to the algorithm, titration alternatives 
are increasing the dose by 2 units every 3 days until levels are consistently within 
the target range, or increasing the dose by 4 units every 3 days if the fasting blood 
glucose level is >180 mg/dL. Since Louise’s blood glucose log shows fasting blood 
glucose levels ranging from 157 to 169 mg/dL, increasing the dose by 2 units is the 
appropriate choice.

Thus, Louise’s starting insulin regimen is a long-acting insulin analog at bedtime, 
starting at 10 units, with a 2-unit increase every 3 days. Her dosage is eventually 
titrated to 46 units. Louise’s health care provider also cautions her that she should 
reduce her bedtime dose of insulin glargine by 4 units or 10%, whichever is greater, 
if she experiences an episode of hypoglycemia or a fasting blood glucose level of 
<70 mg/dL. She will return to the health care provider’s office on a weekly basis for 
the next several weeks.
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Hank recently began taking a long-acting insulin analog at bedtime, and his dose 
has been titrated to 36 units.  Hank finds that his pattern of  fasting glucose values 
is consistently less than 70 mg/dL. Based on the 2009 ADA/EASD algorithm, his 
next dose of insulin detemir should be:

A. 36 units

B. 32 units

C. 32.4 units

D. 34 units
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The correct answer is B.

Once the clinician has established that the hypoglcyemia is not caused by skipping 
meals or any other common causes, then the insulin dose should be reduced. 
According to the 2009 ADA/EASD consensus algorithm, an individual who 
experiences hypoglycemia or has a pattern of fasting glucose levels <70 mg/dL 
should reduce the bedtime dose by 4 units or 10%, whichever is greater. In Hank’s 
case, a 10% reduction would be 3.4 units. Since 4 units is the greater number, he 
should reduce his dose to 32 units. 

The clinician should also discuss the episode with Hank to determine the probable 
cause. This helps him learn from the episode and may help prevent a repetition.
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Back to Louise. Three months after her initial presentation, Louise has made 
considerable progress toward improving her overall health and reaching her 
glycemic goals. She has continued her focus on nutritious food choices, and has 
lost another 6 pounds. Her BMI is now 28.2 kg/m2. She has intensified her exercise 
program, walking with her friend for 30 minutes 4 times per week.

Her current A1C is 7.8% with an eAG of 177 mg/dL, a reduction from 8.3% with an 
eAG, 192 mg/dL 6 months earlier.

At this point, Louise’s medications are a long-acting insulin analog (46 units at 9 
PM), metformin 1250 mg twice per day, pioglitazone 45 mg per day, atorvastatin 20 
mg per day, and aspirin 81 mg per day.

Louise reports that the process of adjusting to insulin therapy was easier than she 
expected. She is especially pleased that she has continued to lose weight while 
taking insulin and that she has more energy. She has not experienced any 
symptoms of hypoglycemia or had any SMBG readings near or below 70 mg/dL.
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Review of Louise’s most recent blood glucose log at the 3-month follow-up confirms 
that she has made substantial progress toward reaching her glycemic goals. Her 
fasting glucose levels are at target, ranging from 106 to 115 mg/dL. Her 
postbreakfast, prelunch, and bedtime values are also within range. However, her 
postlunch values are modestly elevated and her pre- and postdinner values are 
more substantially elevated.

The results of Louise’s most recent A1C test and her blood glucose data show that 
her treatment regimen requires further adjustment.
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One treatment alternative for Louise, which has been described by Hirsch and 
colleagues, is to change from once-daily basal insulin to twice-daily premixed 
insulin.

To make this transition, Louise’s total current daily dose of 46 units of long-acting 
insulin analog would be divided in half. Louise would begin by taking 23 units of 
premixed insulin before breakfast and 23 units before dinner. From this baseline, 
she would titrate to goal, eventually taking a larger proportion of premixed insulin at 
dinner, her largest meal.

Louise would discontinue pioglitazone with this new regimen, but would continue 
taking metformin at the reduced dose of 1000 mg twice per day.
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A second treatment alternative for Louise, which has also been described by Hirsch 
and colleagues, is to add a rapid-acting insulin analog at her largest meal which is 
dinner. Following this regimen, Louise would give 10% of her total daily insulin dose 
or 5 units as a rapid-acting insulin analog at dinner. She would reduce her 9 PM 
long-acting insulin analog dose by 10% to 41 units. She would discontinue oral 
antidiabetes agents except for metformin at the reduced dose of 1000 mg twice per 
day. She would also begin an educational program so that she could learn 
advanced carbohydrate-counting skills. With these skills, she would be able to 
modify her predinner dose of rapid-acting insulin analog to match the carbohydrate 
content of her meals.

When asked for an opinion about the better alternative for her, Louise’s health care 
provider suggested that adding a bolus dose of rapid-acting insulin analog at dinner 
would probably be the preferable option. Since the � -cell failure that characterizes 
type 2 diabetes is progressive and since Louise is relatively young and healthy, it is 
likely that she will eventually need to begin a multiple daily injection regimen to 
keep her glycemic values at goal. A “basal-plus” regimen is a good way to transition 
from a basal-only regimen to an multiple daily dose regimen.

Louise agreed that switching to a basal-plus regimen and pursuing advanced 
diabetes self-management education would be in her best long-term interest.
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Louise reports several accomplishments at her 6-month follow-up visit. She has lost 
2 more pounds and now has a BMI of 27.8 kg/m2. She says that she is feeling 
generally better and is enthusiastic about going out with her “exercise buddy” when 
she finishes dinner. She has recently joined a local gym and walks or works out for 
45 minutes 5 times per week.

Louise is now two thirds of the way through her advanced diabetes self-
management classes, and demonstrates proficiency in carbohydrate counting and 
adjusting her dose of rapid-acting insulin analog based on her insulin to 
carbohydrate ratio of 1 unit per 6 grams of carbohydrate and the carbohydrate 
content of her evening meal.
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Review of Louise’s blood glucose log at her 6-month follow-up confirms that she 
has made excellent progress toward achieving her glycemic goals and that all of 
her blood glucose levels are now within the target range. However, 2 bedtime 
readings—77 and 83 mg/dL—are approaching the hypoglycemic range.

When asked about these low readings, Louise reports that she had exercised at the 
gym on both evenings. She says that although she felt unusually tired when she 
went to bed, she had attributed her fatigue to her vigorous workouts. Louise’s 
health care provider supported her commitment to her exercise program and 
suggests that she take less insulin at dinner on the days that she exercises after 
dinner. She may consider changing her insulin to carbohydrate ratio from 1 unit per 
6 grams to 1 unit per 10 grams of carbohydrate on her exercise days. Changing the 
ratio and taking less insulin is preferable to her other option, a bedtime snack. This 
way, she is not eating to keep her blood glucose in range.
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The case of Louise Miles illustrates the ways in which a health care provider can 
help a patient to make a smooth transition to insulin therapy. Successful initiation of 
an insulin regimen requires effective communication between the patient and the 
health care provider. The prospect of beginning insulin therapy is stressful for many 
patients. Health care providers can reduce patients’ anxiety by expressing empathy 
while dispelling myths and providing accurate information about treatment with 
insulin. Issues that often arise are concerns about injection pain, weight gain, and 
hypoglycemia. Patients who regard the need for insulin as a sign of personal failure 
should receive reassurance that � -cell destruction is characteristic of type 2 
diabetes and that most patients will eventually need to transition to insulin.

This case also demonstrates that there are many ways to begin insulin therapy, and 
that the choice of the initial regimen should reflect patient characteristics and 
preferences. Beginning an insulin regimen requires regular contact with the health 
care provider and gradual dose titration, and several algorithms are available for 
titrating the insulin dose and for changing regimens.

Although it is more common in patients with type 1 diabetes than in those with type 
2 diabetes, hypoglycemia may occur in individuals with type 2 diabetes if the 
patient’s medication regimen needs to be adjusted or when meal or exercise 
patterns are unusual. Several algorithms address the adjustment of the insulin dose 
in response to hypoglycemic episodes or blood glucose levels <70 mg/dL. It is 
important for patients to learn strategies for avoiding hypoglycemia and treating it 
effectively when it occurs.

Since type 2 diabetes is a progressive disease, most patients will eventually need 
to change their insulin regimen. Many individuals benefit from intensive insulin 
therapy, whether this is delivered via multiple daily injections or an insulin pump.
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Type 2 diabetes is characterized by � -cell dysfunction, which eventually 
necessitates a transition to insulin therapy for most patients. Treatment with insulin 
can help patients reach and maintain their glycemic targets, and treatment to target 
can reduce long-term microvascular, neurologic, and macrovascular complications.

A wide range of insulin preparations and delivery systems are available. Selection 
of the types of insulin and the delivery system to be used depend on the clinical 
status, preferences, and capabilities of the individual patient. Long-acting and rapid-
acting insulin analogs are increasingly used because their time–action profiles 
closely resemble the physiologic secretion profiles of endogenous insulin.

Patients are often reluctant to begin insulin therapy because of concerns about 
injection pain, weight gain, and hypoglycemia. The health care provider can ease 
the transition to insulin by empathetic listening and discussing strategies for 
minimizing injection pain and reducing the risks for weight gain and hypoglycemia.

Many algorithms and guidelines have been developed to facilitate the transition to 
insulin. To achieve the best clinical result and the highest level of patient 
satisfaction, titration of the insulin doses will be necessary, and several treatment 
approaches may need to be investigated. Although many patients begin insulin 
treatment with basal insulin alone, they may progress to 2 daily insulin doses and 
eventually, as their experience and comfort level with insulin increase and as their 
� -cell function decreases, to multiple daily injections or use of an insulin pump. As 
the insulin regimen intensifies, it is important for patients to master advanced self-
care skills, such as the use of carbohydrate counting to calculate a correction dose 
of bolus insulin. Ongoing self-monitoring of blood glucose is an essential tool for 
assessing the success of an insulin regimen and maintaining blood glucose levels 
at target.


