
What a Discovery!

In the 1920s Dr. Frederick
Banting and his medical student
Charles Best made the discovery
of insulin. Pictured to the right,
they took pancreatic extracts
and injected them into dogs
whose pancreases had been
removed. Professor John Mac-
leod, of the University of Toron-
to, provided laboratory support.
With the help of biochemist
Bertram Collip, they successful-
ly purified extracts and were
able to test them in human pa-
tients. Many patients woke up
from comas and were able to
live their lives. The extract be-
came known as insulin, and their
work eventually resulted in a
Nobel Prize.

Before the discovery of insulin, a diagnosis
of Type 1 diabetes was nothing short of a death
sentence. Patients were not able to utilize
glucose and would risk starvation or develop-
ment of diabetic ketoacidosis. It has been less
than a century that we have had this miracle
drug to treat patients with Type 1 and Type 2
diabetes. Type 1 diabetes involves an absolute
insulin deficiency. Patients with Type 2
diabetes may not need insulin depending on
factors such as pancreatic function and blood
glucose levels. Insulin works by suppressing
hepatic glucose production and promotes glu-
cose uptake by muscle tissue. It can reduce
hemoglobin A1C values by as much as 2.5% or
more.

The Guidelines

When is insulin indicated?

Patients with Type 1
diabetes will require insulin due
to an absolute deficiency.
Patients with Type 2 diabetes
may or may not require insulin
depending on several factors.

When multiple oral med-
ications in conjunction with
lifestyle changes do not achieve
glycemic goals after 3 to 6
months, or if hemoglobin A1C
is greater than 9% and the
patient is symptomatic, it is
appropriate to initiate insulin.
The drug of choice in gestation-
al diabetes is insulin.

When adding bolus insulin
to a regimen that includes oral
medications, sulfonylureas and
meglitinides should be discon-

tinued to minimize the risk of hypoglycemia.

Many Types of Insulin

There are rapid-acting, short-acting,
intermediate-acting, and long-acting insulins,
and even combinations of insulins. See tables
on pages 2 and 3 for more detail.

The American Association of Clinical
Endocrinologists (AACE) guidelines
recommend rapid-acting insulin over regular
insulin, because their physiological profiles are
more closely matched to normal insulin secre-
tion and action. Analogously, the AACE does
not recommend regular or intermediate-acting
insulin. Long-acting insulin (glargine or de-
temir) is recommended over intermediate-
acting insulin due to around-the-clock cover-
age. However, detemir may require twice daily
dosing for sufficient coverage.

(Continued on page 2)
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Objectives:

 Describe key points of insulin therapy and
recognize different insulin formulations and
their uses.

 Review the common insulin calculations
such as insulin-to-carbohydrate ratios and
insulin sensitivity factors.

 Recognize important take-home points
about the new long-acting insulin degludec.

Insulin Calculations and Formula-

tions
2-3

Degludec, the New Longer-Acting

Insulin
4

Insulin: History and the Basics 1
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Different Approaches: Which one fits best?
First, the vocabulary. Basal insulin is the background insulin
that is normally made by the pancreas around the clock, wheth-
er or not the person eats. Bolus insulin is the extra insulin the
pancreas without diabetes will make in response to food.

 Once-daily basal

 Basal-Bolus

 Premixed rapid-acting

 Mealtime rapid-acting
The insulin regimen chosen depends on several individualized
factors, including blood glucose profile, patient schedule, pa-
tient preferences, motivation, adherence, dexterity, and blood
glucose goals.

What dose of basal insulin should be initiated?
Dosing is often initiated with basal insulin. The usual starting
dose of basal insulin is: 0.2 units/kg or 10 units.

What if that doesn’t work?
Titrations should be done no less than every 3 days. Increase
basal insulin by 2 units until fasting blood glucose (FBG) is
<120. If FBG is <80 twice in one week, decrease by 2 units
every 2 days until FBG is 100-120.

What dose of bolus insulin should be initiated?
Start with 10% of total daily insulin dose or 4-6 units with
meals. Based on a patient’s glucose profile, look for patterns

where high glucose levels occur. Consider bolus insulin strate-
gically timed before certain meals to minimize high levels.

Total daily dose (TDD) ~0.5 units/kg/day
50% basal
50% bolus and high sugar correction

Let’s Review Some Insulin Calculations:

1) Insulin to carbohydrate ratio (ICR): 500/ TDD
The number of carbohydrates one unit of insulin will cover.

Example: If a patient is taking 50 units basal and 15 units rapid-
acting insulin with each meal, what is his ICR?

Answer: TDD = [50 units + 15 units (x3 meals)] = 95 units, and
ICR = 500/TDD = 500/95 = 5
Meaning: 1 unit of insulin will cover 5 grams of carbohydrates

2) Insulin Sensitivity Factor (ISF): 1700/ TDD
The number of mg/dL that one unit of rapid-acting insulin will
lower blood glucose. It is also known as a correction factor.

Example: If a patient is taking 20 units basal and 6 units rapid-
acting insulin with each meal, what is her ISF?

Answer: TDD = [20 units + 6 units (x3 meals)] = 38 units, and
ISF = 1700/TDD = 1700/38 = 45
Meaning: 1 unit of rapid-acting insulin will lower blood glucose
approximately 45 mg/dL.

Insulin 101: Formulations, Dosing, and Calculations

Generic Name Brand Name Form Manufacturer
Cloudy or
Clear

Rapid-acting

Insulin glulisine Apidra Analog Sanofi-Aventis Clear

Insulin lispro Hulalog Analog Eli Lilly Clear

Insulin aspart NovoLog Analog Novo Nordisk Clear

Regular

Regular Humulin R Human Eli Lilly Clear

Regular Novolin R Human Novo Nordisk Clear

Intermediate-acting

NPH Humulin N Human Eli Lilly Cloudy

NPH Novolin N Human Novo Nordisk Cloudy

Long-acting

Insulin detemir Levemir Analog Novo Nordisk Clear

Insulin glargine Lantus Analog Sanofi-Aventis Clear

Table 1: Common Insulin formulations
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Key Points, Pearls, and Counseling points

 Subcutaneous injection into abdominal area results in the

fastest absorption.

 Subcutaneous injection into the upper arms and thighs

results in slower absorption.

 Repeated injections into the same site may cause

lipohypertrophy; rotate injection sites to prevent this.

 Refrigerate vials not in use.

 Vials and pens in use may be kept at room temperature.

 Most vials expire after 28 days at room temperature; other

pens expire sooner.

Insulin Pumps

Insulin pumps mimic the

action of a normally functioning

pancreas. Continuous subcutane-

ous insulin infusion (CSII)

delivers both basal and boluses

without multiple injections.

The pumps are placed into

subcutaneous tissue and require

rotation every three days. One

may program the pump to deliver different rates throughout

the day to match individualized needs; there is great flex-

ibility in the timing of meals and exercise.

Patients considering insulin pump therapy should be

knowledgeable about their insulin sensitivity, insulin-to-

carbohydrate ratios, and be able to calculate carbohydrate

content in food. Insulins that are FDA-approved for insulin

pump use include: aspart, lispro, and glulisine.

(Continued on page 4)

Titrate based on blood glucose goals:

● Fasting: 80-120 mg/dl

● Post-prandial: <180 mg/dl

A Review of Insulin

Insulin Combination
Brand Name

Insulin Combination Dosing frequency Onset Peak Duration

NovoLog Mix 70/30
Insulin aspart protamine
suspension and insulin
aspart

Once to Twice daily 5 to 15 min 1 to 4 hrs 18 to 24 hrs

HumaLog Mix 75/25
Insulin lispro protamine
and insulin lispro

Once to Twice daily 15 to 30 min 1 to 7 hrs 14 to 24 hrs

NovoLin 70/30
Insulin NPH suspension
and insulin regular solu-
tion

Once to Twice daily 30 min 2 to 12 hrs 18 to 24 hrs

Insulin Brand names Onset Peak Duration

Rapid-acting
Lispro (HumaLog/Eli Lilly)
Aspart (NovoLog/Novo Nordisk)
Glulisine (Apidra/Sanofi-Aventis)

5 to 15 min 30 min to 3 hrs 4 to 6 hrs

Regular or Short-acting
(human)

Insulin regular
(HumuLin R, NovoLin R)

30 to 60 min 3 to 5 hrs
6 to 10 hrs

Intermediate-acting
(human)

NPH
(isophane suspension, HumuLin N, NovoLin N)

1 to 2 hrs 4 to 12 hrs 10 to 18 hrs

Long-acting Glargine (Lantus)
Detemir (Levemir)

1 to 2 hrs none 24 hrs

Table 3: Insulin Combinations

Table 2: Insulin Time Profiles
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Meet the new insulin on the block:

Degludec

Manufactured by Novo Nordisk, to be marketed under the name

Tresiba®, it’s the new “ultra-long-acting” basal insulin. An

FDA Advisory Panel voted to approve this novel basal insulin

in November 2012. There is no word yet

when we can expect this on the market.

Clinical Trials

Separate 52-week, phase-3, open-label

trials found degludec once daily to be non-

inferior to insulin glargine in reducing

hemoglobin A1C in both Type 1 and Type

2 diabetes patients. It has a longer half-life than glargine

(25 hours versus about 12 hours for glargine) and a duration of

about 42 hours. A longer half-life translates to greater flexibil-

ity in dosing intervals, longer coverage

and better glucose control.

Reduced hypoglycemia?

There is a tendency of a lower risk of

hypoglycemia with degludec versus

glargine, especially nocturnal hypogly-

cemia. However, some clinical trials have shown small, non-

significant differences or no differences in hypoglycemia.

Possible cardiovascular risks?

Compared with standard insulins over 16 clinical studies (over

5000 patients exposed to degludec), an increased risk of cardio-

vascular death, non-fatal heart attacks and strokes (but not un-

stable angina) was found with degludec.

The hazard ratio was 1.61 (95 patients

versus 37). These numbers were deemed

too small to rule out the increased risk.

The FDA advisory panel recommended

that a postmarketing study be done to

evaluate cardiovascular safety. Caution

should be exercised in patients with cardiovascular risk factors.

Beyond the horizon... seeking approval

- Combination of degludec and aspart 70/30 (Ryzodeg) for once

or twice daily administration

- U200 formulation of degludec designed for patients with high

insulin requirements: dose up to 160 units in one injection

Niche in Therapy?

Degludec, has an extremely long half-life and duration, more so

than insulin glargine. Steady state is reached in 3 days, at which

point no accumulation occurs with additional doses. Patients

forgetting injections may have more flexibility with degludec.Degludec forms soluble hexamers after subcutaneous injection



Continuing Education Quiz
Diabetes Dispatch: Winter 2013
1) Insulin can typically decrease hemoglobin A1C by as much as:

a. 0.5%
b. 1%
c. 2.5%
d. 5%

2) Insulin should be considered in which of the following:
a. Hemoglobin A1C >9% and patient is symptomatic
b. Elevated blood glucose and A1C despite 3-6 months of

oral therapy and lifestyle medication.
c. Newly diagnosed Type 1 diabetes
d. All of the above

3) Novolin 70/30 consists of:
a. Detemir and insulin regular
b. Aspart protamine and aspart
c. Lispro protamine and lispro
d. Insulin NPH and insulin regular

4) Calculate AG’s insulin to carbohydrate ratio:
AG uses 18 units glargine daily and 5 units aspart with every meal

a. 1:9
b. 1:15
c. 1:5
d. 1: 21

5) Calculate TW’s insulin sensitivity factor:
TW uses 45 units of detemir daily and 15 units lispro with every
meal

a. 6
b. 15
c. 19

d. 45

6) What does the insulin sensitivity factor tells us?
a. The total daily dose of insulin needed
b. The number of mg/dL of blood glucose that one unit of

insulin will lower
c. The number of carbohydrates that one unit of insulin will

cover
d. The number of units of insulin needed to correct blood

glucose.

7) CC was just diagnosed with Type 2 diabetes and her provider
wants to start basal insulin. She weighs 80 kg. What dose do you
recommend?

a. 5 units
b. 16 units
c. 20 units
d. 22 units

8) In clinical trials, degludec was dosed how often?
a. Three times a week
b. Twice weekly
c. Twice daily
d. Once daily

9) The half life of degludec is?
a. 12 hours
b. 25 hours
c. 42 hours
d. 72 hours

10) The makers of degludec must perform a postmarketing trial
investigating what?

a. Degludec’s effect on cardiovascular risk
b. Degludec’s effect on bladder cancer
c. Degludec’s high rate of hypoglycemia
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