LEARNING OBJECTIVES

1. Differentiate types of insulin.

2. Describe insulin-related compli-
cations.

3. Discuss the nurse’s role in helping
patients manage their diabetes.
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TELY 34 million people in the United States have
s; 90% to 95% of them have type 2 diabetes. Insulin
saves lives and helps people with both type 1 and type 2
diabetes live longer than they would without it, but it isn’t
a cure; it’s a treatment. The types of insulin available and
how it is delivered have evolved, as have treatment goals.

History of insulin
In 1922, about a year after insulin was first isolated and ex-
tracted from pancreatic islet cells, it became commercially
available. It was roughly equivalent to today’s Regular in-
sulin, and it was injected subcutaneously several times a
day to manage glucose levels. In the 1930s, scientists dis-
covered that adding protein to Regular insulin made it last
longer, so many people began taking Regular insulin plus a
longer-acting insulin with an added protein, with the goal
of managing glucose levels all day and through the night.
Since then, different types of insulin (Iente, NPH, semi-
lente, ultralente) and timing protocols have been tried, such
as once-a-day injections; twice a day; and Regular and NPH
in the morning, Regular at dinner, and NPH at bedtime. In
the 1980s, researchers began making insulin in a laboratory
using recombinant DNA procedures, resulting in insulin that
is amino acid for amino acid the same as human insulin. Be-
fore that, all insulin came from cow and pig sources, which
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is no longer the case in the United States. In
the 1990s, insulin analogs were introduced.
Analogs are altered in the lab so they work
faster or slower, resulting in rapid-acting and
long-acting insulins.

When insulin is used

Anyone with type 1 diabetes requires insulin
to survive, and many people with type 2 dia-
betes may progress to needing insulin for ef-
fective disease management and to lower their
risk for long-term complications. (See Types of
diabetes.)

In 1993, results of the landmark Diabetes
Control and Complications Trial (DCCT) sup-
ported the value of managing diabetes to pre-
vent or delay complications. This study intro-
duced carbohydrate counting and basal/bolus
insulin dosing. Healthcare providers teach
people with diabetes to keep blood glucose
levels in a target range and to avoid variability
(bouncing levels) as much as possible.

Each person’s insulin plan should be indi-
vidualized to his or her unique needs. Some
people with type 1 diabetes use multiple daily
injections, and others use insulin pumps to
deliver insulin around the clock. Either ap-
proach can utilize basal/bolus dosing. With
multiple daily injections, people take a rapid-
acting insulin (lispro, aspart, or glulisine) with
breakfast, lunch, dinner, and snacks and then
a long-acting insulin (glargine, detemir, or
degludec) once or twice a day (typically at
least 12 hours apart). The long-acting insulin
serves as the basal (background) dose, which
works all day and night. The rapid-acting in-
sulin is the bolus dose given with meals and
to bring down elevated glucose levels. Many
people with type 2 diabetes take only a long-
acting insulin at bedtime.

Types of insulin

Insulins are classified by how fast they work,
when they have their onset of action, their
peak effect, and their duration of action. In-
sulin action profiles are estimates; each may
differ slightly and also may differ for individ-
ual people. (See Types of insulin.)

Recently, insulin manufacturers have intro-
duced “biosimilars” and insulin “follow-ons”
(such as Basaglar). These insulins may fill the
need for a generic insulin. They work the
same as more expensive insulin analogs for a
slightly lower price.
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Types of diabetes

Type 1 diabetes is an autoimmune disease in which the body’s im-

mune system mistakenly attacks the pancreas cells that produce in-
sulin. People with type 1 diabetes don’t make enough insulin to sur-
vive and must take exogenous insulin.

Type 2 diabetes occurs when pancreas beta cells still produce insulin,

but muscle, liver, and fat cells don't use it efficiently (insulin resistance).
Latent autoimmune diabetes in adults (LADA) is a slower onset
type 1 diabetes. Many older adults with LADA are misdiagnosed with
type 2 diabetes because they don't present with the acute signs typical
of type 1 diabetes (extreme thirst, frequent urination, and weight loss).

They're frequently prescribed oral medication instead of the insulin they

need. People with LADA who are misdiagnosed with type 2 diabetes

tend to get sicker until they develop diabetes-related ketoacidosis.
To help avoid misdiagnosis of LADA, one of the most important

questions a nurse can ask a person who presents with elevated blood

glucose levels is, “Have you lost weight without trying?” If someone re-

sponds yes (or says they were trying to lose weight and were excited
by how quickly the pounds were coming off), this can indicate type 1
diabetes (burning fat because not enough insulin is available).

The next step is to send blood for autoantibodies to determine if it
is, indeed, autoimmune diabetes. People with LADA need to have a

correct diagnosis so they can manage their diabetes effectively. If they

are taking oral medications and even basal insulin, they may not be

able to achieve their A1c goal, which increases their risk for long-term

complications.

Insulin delivery

Insulin is delivered in the subcutaneous tissue
either by injection using an insulin syringe or
pen, or with an insulin pump (continuous
subcutaneous insulin infusion). Most people
in the United States take U-100 insulin, al-
though some take U-200, U-300, or U-500 be-
cause these insulins are more concentrated
(they may last longer or require smaller doses
for people who take large amounts of insulin
each day).

Research shows that people of any size can
use short (even 6 mm or shorter) insulin nee-
dles because skin and subcutaneous tissue
thickness don’t differ much from person to per-
son. Syringes come in sizes that can hold 25 to
100 units of insulin. Small children and the eld-
erly may need half-units; the smallest syringes
typically can accommodate those doses.

Nurses should instruct patients to rotate in-
sulin injection sites (abdomen, arms, hips,
buttocks, and legs) and to use new needles to
avoid damaging skin. Some people may de-
velop injection-site lipohypertrophy (lumps
under the skin) that affects the insulin absorp-
tion rate. Using a larger area within injection
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Types of insulin

Insulin types are categorized by their onset of action, peak effect, and

duration.

Type of insulin

Name of insulin

Action

Rapid-acting

e Apidra (glulisine)
e Humalog (lispro)
* Novolog (aspart)

® Onset: 15 min
® Peak: 90 min
e Duration: 3-5 hrs

Short-acting

e Humulin R
® Novolin R

® Onset: 30-60 min
® Peak: 2 hrs

e Regular insulin © Duration: 4-6 hrs

Intermediate-acting

e Humulin N e Onset: 2 hrs

* Novolin N ® Peak: 4-6 hrs

e NPH e Duration: 8-12 hrs
Long-acting e Basaglar (glargine) e Onset: 3-4 hrs

e Lantus (glargine) e Peak: Considered

e Levemir (detemir) “peakless”

® Toujeo (glargine) e Duration: 12-36 hrs

[ ]
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Tresiba (degludec)

sites and rotating sites can help manage or
avoid lipohypertrophy.

Insulin pumps, which have been available
since the late 1970s, have gotten smaller and
more effective over time. They deliver insulin
around the clock with preprogrammed basal
settings and manually entered mealtime and
correction bolus doses. People using insulin
pumps enter the number of carbohydrate
grams they’re about to eat and their glucose
level, and the pump calculates the dose,
based on settings (insulin-to-carbohydrate ra-
tio and “sensitivity” or “correction” factor) pro-
grammed into the device. The pump then us-
es these settings and built-in algorithms to
suggest how much insulin the person should
deliver via the pump.

More and more people manage type 1 and
type 2 diabetes with insulin pumps, so nurses
working in hospital settings should be familiar
with them. Ideally, an insulin pump is contin-
ued during hospitalization (to maintain glu-
cose levels in the target range and maximize
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healing), although some circumstances (im-
paired consciousness or cognition) may re-
quire their removal.

Goals and monitoring

The goal in diabetes management is to keep
blood glucose levels in a target range (identi-
fied by each patient in partnership with his or
her diabetes care team) for as long as possi-
ble. In general (and for research purposes),
this range is considered to be 70 mg/dL to 180
mg/dL; however, people living with diabetes
may use a different range, based on age, co-
morbidities, additional medications, or other
individual factors.

Two techniques for monitoring blood glu-
cose levels to determine whether glycemic
goals are being met are glycated hemoglobin
Alc and continuous glucose monitoring
(CGM). Alc, a person’s average glucose level
over the past 3 months, isn’t as accurate or
helpful as once thought. For example, three
people who have an Alc of 6.5% can reflect
different glucose ranges (mostly very high or
very low, mostly in range, or consistently
bouncing up and down) for each. The test does-
n’t show how frequently someone’s glucose lev-
el is running high or low. However, CGM pro-
vides that information moment to moment.

CGM systems, which have become more
readily available in recent years, enable peo-
ple to look at what percent of time they are in
their target range, sometimes referred to as
“time in range.” They allow someone with di-
abetes to see glucose patterns and make
changes accordingly. This technology can be
used with insulin injections as well as pumps
and has opened up new horizons for manag-
ing diabetes, including the development of
closed loop pumps and fine-tuning injection
dosing. (See Closed-loop pumps.)

Insulin-related complications

The limiting factor for taking insulin is hypo-
glycemia (low blood glucose). Hypoglycemia,
which can lead to falls, passing out, seizures,
or in rare cases, death, typically occurs when
someone takes his or her usual insulin and
then eats less food or engages in more physi-
cal activity than planned. People who take in-
sulin should always carry glucose tablets,
juice, nonchocolate candy, fruit, or other fast-
acting carbohydrate sources with them. Be-
cause insulin is a “storage hormone,” people
may gain weight when taking it. However,
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they can maintain an ideal goal weight with
balanced insulin doses, healthy food choices
and portions, and regular physical activity.
People also may experience hyperglycemia
(high blood glucose), which comes with its
own set of problems, especially if left untreat-
ed, when it can lead to diabetes-related ke-
toacidosis (DKA). People with type 2 diabetes
typically make enough insulin to avoid DKA,
which occurs when insulin isn’t available to
pull glucose into cells for energy. Instead, the
body burns fat for energy. Ketones, the
byproducts of fat metabolism, build up in the
bloodstream and cause a pH imbalance that
can lead to serious illness or even death.
People with type 1 diabetes can experience
DKA when they don’t have enough insulin on
board; for example, if they have an underlying
illness, infection, or other acute stressor. DKA
also can occur if an insulin pump malfunctions
and insulin isn’t properly delivered or when
people receive inadequate diabetes education
and don’t know how to manage their disease.

Closedlloop pumps

In 2016, the first hybrid closed-loop insulin pump became available.
The “loop” refers to the connection between a continuous glucose
monitor and a compatible insulin pump; insulin doses are calculated
either manually or automatically. Hybrid closed-loop and fully closed-
loop systems are becoming more readily available as they receive Food
and Drug Administration approval.

Do-it-yourself (DIY) “loop” systems have gained traction recently. In-
dividuals have pieced together older insulin pumps and algorithms to
manage their doses. Some commercial insulin pump companies are
combining their pumps with “loop” systems. Many people are dis-
cussing these DIY systems on social media, and some health profes-
sionals are skeptical because no standards have yet been published.

The development of closed-loop pumps is evolving rapidly, so nurs-
es need to ensure their knowledge in this area is current.

Ask patients about their access to supplies and
insulin and if they've been taught to properly
store, draw up, and administer insulin or use a
pump. If necessary, refer them to appropriate
support services, including a certified diabetes
care and education specialist.

Other issues

Other issues related to taking insulin include
possible emotional toll, mistaken beliefs about
its effects, and rationing.

In the past, many people with type 2 dia-
betes who required insulin were made to feel
as though they had done something wrong.
Some people still may feel ashamed if they
need insulin. However, at least eight factors
(including genetics) can contribute to a per-
son developing type 2 diabetes, and only a
few of them are modifiable. Nurses should ap-
proach patients with compassion and remind
them that their disease and medication re-
quirements are not their fault. When speaking
with them about factors they can modify
(such as diet and exercise), nurses should do
so without judgment.

When people avoid or delay taking insulin,
they may experience serious health problems,
including limb loss and blindness. Family
members and loved ones who witness this
may mistakenly believe insulin caused the
devastating outcome. In addition to teaching
people how to take insulin safely and effec-
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tively, nurses must teach them (and their fam-
ilies) about the value of insulin, including that
it can help them maintain their health, feel
better, and avoid complications.

Insulin is very expensive. Some people with
type 1 diabetes report insulin “rationing” be-
cause of the medication’s high cost. Rationing
can result in DKA and even death. Discussions
among people with diabetes, government lead-
ers, industry leaders, healthcare professionals,
and others are ongoing about how insulin gets
priced and into the hands of people who need
it. Different groups, including the American Di-
abetes Association, are working to address the
situation. Insulin manufacturers have put assis-
tance programs in place. Store-brand insulin
(typically Regular and NPH) is available in lim-
ited types for a lower price at some pharma-
cies, and discount coupons are available. Dia-
betes care and education specialists can help
nurses obtain information about these pro-
grams for patients.

Nursing role

In addition to providing education, nurses
should assist people with decision-making and
teach them about the value of managing their
diabetes. The goals of taking medications,
staying active, making consistent food choices,
and checking glucose levels are important for
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Words matter

Language can be a powerful tool for enhancing the motivation, health,
and well-being of people with diabetes. Using respectful, nonstigma-
tizing language can decrease psychological distress (for example, guilt
and shame) and lead people with diabetes to engage in self-care and

seek follow-up care.
A task force consisting of representatives from the American Associ-

ation of Diabetes Educators and the American Diabetes Association
recommended that clinicians use language that:

is neutral, nonjudgmental, and based on facts, actions, or physiology/
biology (for example, “manage” rather than “control”)

is free from stigma (for example, avoid “compliance” and “adherence”)
is strengths based, respectful, inclusive, and imparts hope (for exam-
ple, instead of focusing on potential complications, focus on the fact
that people with diabetes are living long and healthy lives and then
work collaboratively to develop a plan that works for the person)
fosters collaboration between patients and providers (for example,
avoid language that evokes authority such as “should/shouldn't”
and “must/must not”)

is person centered (for example, “person with diabetes” not “diabetic”).

Source: Dickinson et al. 2017

maintaining target blood glucose levels. The
result can be a lower risk for or delay of dia-
betes complications, including eye disease,
kidney disease, nerve damage, and heart dis-
ease. Nurses should ask people how treatment
and lifestyle modifications are working for
them. What are their fears and challenges? Can
they pay for their medications and insulin? Do
they have the supplies they need? Do they
have transportation to appointments? What do
they need help with? Nurses can then provide
referrals and recommend resources as needed.
Nurses also should be sensitive to the lan-
guage that they use. (See Words maitter.)

The future of diabetes and insulin

Since the early 2000s, work has been under-
way on an artificial or “bionic” pancreas,
which is a closed loop pump that doesn’t re-
quire input from the patient. And some re-
searchers are investigating a “smart insulin”
that when injected can determine how much
someone needs and when. However, living
with diabetes still requires people to be aware
of what they’re doing, eating, and drinking.
Until diabetes can be prevented or cured,
nurses must work effectively with and advo-
cate for patients affected by the disease so
they can benefit from insulin’s life-saving po-
tential. AN

Jane K. Dickinson directs and teaches in the solely online Master of
Science in Diabetes Education and Management program at Teach-
ers College, Columbia University in New York, New York.
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POST-TEST ¢ A broader look at insulin
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Please mark the correct answer
online.

1. Which statement about basal/bolus
dosing is correct?

a. Long-acting insulin serves as the
basal dose, which works all day and
night.

b. Long-acting insulin serves as the
bolus dose, which works during the
day.

¢. Short-acting insulin serves as the
basal dose, which works at night.

d. Short-acting insulin serves as the
bolus dose, which works all day and
night.

2. Which statement about latent au-
toimmune diabetes in adults (LADA) is
correct?

a. LADA is a faster onset type 1 dia-
betes.

b. LADA is often misdiagnosed as type
2 diabetes.

c. Testing for autoantibodies is not
helpful in diagnosing LADA.

d. People with LADA are often incor-
rectly prescribed insulin.

3. An example of a rapid-acting in-
suliniis

a. Regular insulin.

b. Humalog (lispro).

¢. Novolin N.

d. Tresiba (degludec).

4. The duration of action for a rapid-
acting insulin is

a. 30 minutes to 1 hour.

b. 1to 2 hours.

¢. 3to 5 hours.

d. 6 to 8 hours.
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5. The peak for a short-acting insulin

a. 30 minutes.
b. 60 minutes.
¢. 90 minutes.
d. 120 minutes.

6. An example of an intermediate-act-

ing insulin is
a. Humulin N.
b. Novolin R.

c. Apidra (glulisine).
d. Lantus (glargine).

7. The onset of action for intermedi-
ate-acting insulins is

a. 30 minutes.

b. 45 minutes.

c. 2 hours.

d. 4 hours.

8. An example of a long-acting insulin

a. Tresiba (degludec).
b. Novolog (aspart).
. Regular insulin.

d. Humulin R.

9. Which statement about the subcu-
taneous injection of insulin is correct?

a. Most people in the United States
take U-500 insulin.

b. Most people in the United States
take U-300 insulin.

c. People of any size can use medium
insulin needles.

d. People of any size can use short in-
sulin needles.

10. The target range for blood glucose
in people with diabetes is generally

a. 60 mg/dL to 150 mg/dL.
b. 70 mg/dL to 180 mg/dL.
¢. 80 mg/dL to 170 mg/dL.

d. 90 mg/dL to 190 mg/dL.

11. Which statement about monitoring
blood glucose levels is correct?

a. Alc, a person's average glucose lev-
el over the past 3 months, is the
most helpful.

b. Alc, a person’s average glucose lev-
el over the past 2 months, is the
best way to monitor levels.

c. Continuous glucose monitoring
(CGM) systems are not as helpful as
they once were thought to be.

d. CGM systems enable people to look
at time within a target range.

12. Diabetes-related ketoacidosis can
occur when

a. people don't have enough insulin
in their body.

b. too many ketones are excreted by
the kidneys.

C. people have too much insulin in
their body.

d. the body burns carbohydrates in-
stead of fat for energy.

13. All of the following can affect a per-
son’s ability to manage his or her dia-
betes except:

a. a family member who thinks the
person’s loss of limb was caused by
insulin.

b. a healthcare provider who is judg-
mental when a person doesn't
meet treatment goals.

c. the fact that insulin is very expen-
sive so a person may not be able to
afford it.

d. receiving sufficient education about

how to store, draw up, and adminis-
ter insulin.
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