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ARE YOU AT RISK?
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INTRODUCTION
Affecting almost 16 million people in the

United States, or 6% of the population, dia-
betes mellitus imposes a substantial – and
growing – burden not only to the individuals
afflicted in terms of an increased risk for
potentially life-threatening complications, but
also to our economy. 

Diabetes is a leading cause of blindness,
kidney failure, and nontraumatic lower limb
amputations, as well as an important risk fac-

tor for heart disease and stroke. In the United
States, the direct and indirect costs of diabetes
now approach $100 billion yearly, or $1 out of
every $7 spent on healthcare.1-3 Alarmingly,
the prevalence of diabetes has increased 33%
among adults in general and 70% among indi-
viduals in their 30s in the last decade.2

Intensive therapy has been shown to delay the
onset and slow the progression of clinically
important complications.

Insulin therapy remains indispensable in
the management of type 1, or autoimmune,
diabetes. However, many patients with type 2,
or insulin-resistant diabetes, which accounts
for at least 90% of the newly diagnosed cases,
can be effectively managed with dietary

About $1 out of every $7 spent on health care is related to diabetes mellitus, a leading cause of
blindness and kidney failure and a strong risk factor for heart disease. Prevalence of the disease
has increased by a third among adults in general in the last decade, but intensive therapy has
been shown to delay the onset and slow the progression of diabetes-related complications.
While insulin therapy remains key in the management of type 1 diabetes, many patients with
type 2, or insulin-resistant, diabetes encounter  insulin administration errors that compromise the
quality of insulin delivery. Insulin errors are a major, but modifiable, barrier to dosing accuracy
and optimal diabetes control for many patients. Future trends to combat the problem include
increased use of insulin inhalers and smaller doses of rapid- or short-acting insulin to supple-
ment longer-acting injections.
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changes and one or more oral therapies, prin-
cipally sulfonylureas, biguanides, thiazo-
lidinediones, meglitinide, and D-phenylala-
nine.1

Because type 2 diabetes is primarily the
result of a dual impairment – compromising
both insulin sensitivity and production – about
40% of the patients with this form of diabetes
eventually require routine insulin injections.1

Unfortunately, insulin administration errors
often compromise the quality of insulin deliv-
ery. 

Insulin errors are a major, but modifiable,
barrier to dosing accuracy and optimal dia-
betes control for many patients. After review-
ing glucose monitoring and conventional
insulin therapies, this white paper will exam-
ine some of the sources of insulin medication
errors and approaches for reducing these
errors and optimizing accuracy and diabetes
management. 

REVIEW OF GLUCOSE MONITORING
AND INSULIN THERAPY 

Glucose Monitoring
Glucose monitoring, a prerequisite for

effective insulin therapy and optimal
glycemic control, typically includes direct and
indirect measurements of glucose load.4

Direct glycemic markers, fasting and post-
prandial blood glucose levels, assess blood
glucose in a fasting state and in response to
glucose load, respectively.4 Fasting blood glu-
cose levels partially reflect liver gluconeoge-
nesis, whereas postprandial glucose levels
show the magnitude and rate of response to
pancreatic insulin secretions. Importantly,
abnormal hepatic gluconeogenesis and insulin
insufficiency are two of the principal physio-
logic defects associated with type 2 diabetes;
insulin insensitivity is the third. 

An indirect glycemic marker, HbA1c (gly-
cosylated hemoglobin) level, has become the
“gold standard” for monitoring glycemic con-
trol. 

In fact, an international panel of experts
convened by the American College of
Endocrinology has promoted more aggressive
glucose monitoring in diabetes, particularly
the use of HbA1c home testing,5 a procedure
that requires only a single drop of blood taken
without regard to meals.2

Further, the panel recommended that HbA1c

testing be adopted as the primary assessment
of glycemic control, since any reduction in
this measure is associated with a significant
decrease in the risk for microvascular compli-
cations secondary to uncontrolled diabetes.
HbA1c measurements, by assessing the slow
process of hemoglobin glycolysis, reflect
average glucose levels over a period of 2 to 3
months. 

Another indirect measure of glycemia, the
fructosamine test, primarily a measure of gly-
cosylated albumin, has been available since
the early 1980s and can detect overall changes
in blood glucose control within 2 to 3 weeks,
rather than months. 

The fructosamine test, particularly helpful
in monitoring changes in blood glucose levels
in response to changes in treatment, can be
viewed as complementary to HbA1c measure-
ments and fasting and postprandial blood glu-
cose assessments: HbA1c assesses glycemia
over a period of up to 3 months; fructosamine
testing, for a period of up to 3 weeks; and fast-
ing and postprandial glucose measurements
provide day-to-day assessments. 

INSULIN PRODUCTS
Several highly purified insulin preparations

are commercially available in the United
States (see Table 1, next page). These prepara-
tions differ primarily in their onset and dura-
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tion of action.6

Short-Acting Insulin
Regular insulin (known as R insulin) acts

quickly – within 30 minutes – but has a short
duration of action, less than 8 hours. The prin-
cipal Regular insulin products available in the
United States include Humulin® R and
Novolin® R.7 Even though Regular insulin is
considered fast acting, it must be administered
30 to 60 minutes before meals to achieve opti-
mal postprandial glycemic control. The lag
time between insulin administration and onset
of action can make proper timing of the injec-
tion and the meal difficult to achieve.

Additionally, Regular insulin administered
subcutaneously does not mirror the pharmaco-
kinetic or pharmacodynamic profiles seen
with normal endogenous insulin, especially
after meals, a time when peaking glucose con-
centrations are matched by sharp elevations in
endogenous insulin production in nondiabetic
individuals.8

Rapid-Acting Insulin Analogs
Advances in biotechnology have permitted

the development of insulin analogs that act
more rapidly than Regular insulin and more
closely mimic the physiologic pattern of
endogenous insulin. The first to be approved
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Table 1. PRINCIPAL INSULIN TYPES

Product Manufacturer Onset (hrs) Peak (hrs) Duration (hrs)
Rapid-Acting Analogs
Humalog® (insulin lispro) Lilly < .25 0.5 - 1.5 2 - 4
NovoLog® (insulin aspart) Novo Nordisk < .25 1 - 3 3 - 5
Short-Acting Human Insulin
Humulin® R (Regular) Lilly 0.5 2.5 - 5 8
Novolin® R (Regular) Novo Nordisk 0.5 2.5 - 5 8
Velosulin® BR (Regular buffered) Novo Nordisk 0.5 1 - 3 8
Intermediate-Acting Human Insulin
Humulin® L (Lente®) Lilly 2.5 7 - 15 22
Humulin® N (NPH) Lilly 1.5 4 - 12 24
Novolin® L (Lente®) Novo Nordisk 2.5 7 - 15 22
Novolin® N (NPH) Novo Nordisk 1.5 4 - 12 24
Long Acting
Humulin® U 
(Ultralente® human insulin) Lilly 4 - 6 -------- 18 - 20
Lantus® (insulin glargine) Aventis 1.1 -------- 24

Insulin Mixtures
Product Name Manufacturer Contents
Humulin® 50/50 Lilly 50% NPH, 50% Regular, human insulin
Humulin® 70/30 Lilly 70% NPH, 30% Regular, human insulin
Humalog® Mix 75/25 Lilly 75% insulin lispro protamine suspension,

25% insulin lispro rDNA origin
Novolin® 70/30 Novo Nordisk 70% NPH, 30% Regular, human insulin
NovoLog® 70/30 Mix Novo Nordisk 70%/30% Biphasic Insulin Aspart
Adapted from: reference 7
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in the United States, insulin lispro
(Humalog®), was introduced in 1996.

Reversing the amino acids proline and
lysine in the B-chain of the human insulin
molecule provided lispro with a rapid onset of
action of 15 minutes or less. Because of its
rapid absorption, lispro can be administered
just before meals. 

In 2001, insulin aspart (NovoLog®), a
human insulin analog with an onset of action
similar to lispro, was synthesized by replacing
the amino acid proline at position B-28 with
aspartic acid, permitting rapid absorption
from the injection site. 

In general, rapid-acting insulin analogs
provide for flexible dosing and are particular-
ly effective in blunting postprandial eleva-
tions in glucose levels. Further, their pharma-
cokinetic profiles are more closely aligned to
those seen with endogenous insulin.8

Longer-Acting Insulin
Longer-acting insulin products are modi-

fied to delay their absorption from the injec-
tion sites, increasing their duration of action.
Either protamine is added, yielding an inter-
mediate acting (16 to 24 hours) NPH insulin,
or the zinc-insulin crystal is enlarged, yield-
ing intermediate-acting Lente® or long-acting
(24 to 28 hours) Ultralente® insulin.6

The two most significant drawbacks associ-
ated with most intermediate- and long-acting
insulin preparations are that they have a defi-
nite peak of action – several hours post injec-
tion – and most have a duration of action less
than 24 hours.9

Insulin glargine (Lantus®), developed by
replacing the amino acid residing in position
A-21 with glycine and adding two arginine
residues to the B-chain, is the first long-acting
insulin analog that may provide 24-hour glu-
cose control with once-daily administration.2

This insulin analog apparently acts as a true
basal insulin for patients with either type 1 or

type 2 diabetes. With little day-to-day varia-
tion in absorption, insulin glargine also
reduces nocturnal hypoglycemia and elevated
prebreakfast glucose levels.10

Premixed Insulin
A variety of premixed insulin products are

available in the United States (see Table 1).
These preparations are mixes of specific
ratios of short- or rapid- and intermediate-act-
ing insulin: 70/30, 50/50, and 75/25.

In 2000, Humalog® Mix  – a 75/25 combi-
nation of insulin lispro protamine and insulin
lispro – was approved in the United States.6 In
2002, NovoLog® Mix, a 70/30 biphasic
insulin aspart, became available in the United
States. 

Premixed insulin products may allow for
fewer daily injections. These products may be
best suited for individuals whose insulin
requirements are well established or those
who have difficulty measuring and mixing
insulin doses. 

Premixed insulin products provide a more
consistent ratio of short- or rapid- and inter-
mediate-acting insulin than can be achieved
when patients self-mix individual doses.
Removing the additional steps of mixing the
insulin products may eliminate a potential
cause of insulin medication errors.11 Failure to
draw up insulin combinations in the correct
sequence – the solution first then the suspen-
sion – results in contamination of the short- or
rapid-acting insulin.

INSULIN DOSING STANDARDS
Because of marked variations among

patients in the number of injections, complex-
ity of dosing, frequency of hypoglycemia, and
target glucose concentrations, no single
insulin regimen is effective and well tolerated
in all patients.9

Thus, it is usually best to begin insulin
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therapy with a simple regimen that may
include once-daily NPH, Lente®, or
Ultralente® at a total dose of 0.5 to 1
units/Kg/day. 

As an alternative, a patient may be started
on the same total daily dose with a premixed
insulin using a twice-daily dosing regimen,
two thirds in the morning and one third in the
evening. 

Generally, insulin should be provided using
two strategies: as a basal supplement, with the
use of an intermediate- or long-acting prepa-
ration to suppress hepatic glucose production
and maintain normal glucose levels in the
fasting state; and, using short-acting insulin,
as a premeal bolus to handle postprandial glu-
cose load. For some patients with type 2 dia-
betes, however, a daily basal supplement may
be sufficient.9

TRENDS: INCREASE IN DIABETES
AND INSULIN USE

Over the last 10 years, a rapid rise has been
noted in the incidence of type 2 diabetes
among all ethnic and economic groups.12,13 Of
major concern, an increase in type 2 diabetes
has also been detected among children, a
group usually thought to be affected by type 1
diabetes only. As a consequence of the
increasing incidence of diabetes, insulin use is
projected to increase 26% by the year 2006.14

This finding underscores the growing
importance of reducing insulin delivery errors
to ensure proper diabetes management and
avoid morbidity secondary to poor diabetes
control. Unfortunately, insulin administration
is associated with many types of medication
errors that can undermine efficacy and
increase the risks for poor blood glucose con-
trol.

INSULIN MEDICATION ERRORS
Medication errors are among the most com-

mon causes of avoidable harm to patients in
the healthcare system.15

The National Coordinating Council for
Medication Error Reporting and Prevention
defines a medication error as any preventable
event that may cause or lead to inappropriate
medication use or patient harm while the med-
ication is in the control of the healthcare pro-
fessional, patient, or consumer.16 Morbidity
and mortality resulting from medication errors
add an estimated $1,900 per patient to total
healthcare costs and are a common reason for
litigation.17

Some of the medications that have the high-
est risk for causing injury when misused – the
so-called high-alert medications – are well-
established treatments, including opiates,
injectable potassium chloride concentrate,
heparin, sodium chloride, and insulin prod-
ucts.15

The USP Medication Errors Reporting
Program indicates that insulin is one of the
most frequently cited causative agents in
reported medication errors.18 The principal
sources of insulin medication errors encom-
pass clinician mistakes related to insulin pre-
scribing and delivery, infrequent or inaccurate
blood glucose monitoring, and errors in
insulin self-administration (see Table 2, next
page).

Clinician-Related Errors
In addition to prescribing errors, clinicians

or healthcare professionals may also err in
other steps of the insulin delivery process. In
a review of medication errors in a large
healthcare system from July 1997 to April
1998, errors in insulin prescribing or some
other facet of the insulin dosing process
accounted for 13% of all medication errors.19

Indeed, insulin was the medication most fre-
quently associated with “wrong dose/rate.” In
fact, problems with physician prescribing and
transcribing were linked to more than 60% of
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the insulin dosing errors. 
Common clinician-related factors resulting

in insulin medication errors included lack of
an internal dose-checking process; storage of
insulin and heparin, available in similar vials,
in close proximity; use of “U” as an abbrevia-
tion for units, which can be confused with
“0,” resulting in a tenfold overdose; and,
incorrect rates programmed into an insulin-
infusion pump.15

Clearly, improvements in the insulin-dos-
ing process are needed to reduce insulin dos-
ing mistakes among healthcare professionals. 

According to the Institute for Safe
Medication Practices, several steps can be
taken by clinicians to reduce the frequency of

insulin dosing errors. Among these are estab-
lishing an internal checking system in which
one nurse prepares the dose and another
checks for accuracy, storing insulin separately
from heparin, spelling out the word “units,”
and establishing an independent checking sys-
tem for infusion pump rates and concentration
settings.

Yet, improvements in the process of insulin
prescribing and dosing may be coming from
an unexpected source. Large employers are
taking the initiative in preventing medication
errors.20

An employer organization, the Leapfrog
Group, is setting safety guidelines for hospi-
tals and expects to purchase healthcare only

Table 2. INSULIN MEDICATION ERRORS

Sources
Clinician-Related Errors:
- Prescribing or administering incorrect dose or
insulin type
- Insulin and heparin stored in close proximity·
- Use of "U" as an abbreviation; confused with "0,"
resulting in tenfold overdose
- Incorrect rates programmed into infusion pump

Blood Glucose Monitoring Errors:
- Infrequent blood glucose monitoring
- Monitoring that does not detect nocturnal hypo-
glycemia and postprandial hyperglycemia
- Complicated monitoring systems

Self-Administration Errors:
- Complicated insulin self-administration process,
especially vial and syringe
- Incorrect self-administration techniques
- Insulin administration systems that do not address
the physical limitations often associated with dia-
betes

General Remedies

- Internal dose checking system in which one
nurse prepares the dose and another checks for
accuracy
- Computerized physician drug ordering systems
- Store insulin separately from heparin
- Spell out the word "units”
- Establish an independent checking system for
infusion pump settings

- Increased clinician supervision
- Increased patient education
- Use 24-hour monitoring devices when appropri-
ate
- Use less painful monitoring systems
- Use less complicated monitoring systems

- Use premixed insulin
- Improve patient education and self-administration
skills
- Use new delivery technologies that remove
sources of patient variability (eg, insulin pen,
InnoLet®, insulin pump)
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from plans that adhere to those guidelines. 
The guidelines include the use of a comput-

erized physician order entry system that
would use prescribing error prevention soft-
ware. Physicians would be required to enter
hospital prescription orders directly through
this system. It was estimated that if physicians
used the drug order software, 500,000 fewer
medication errors would occur in the hospital
setting. 

Reducing prescribing errors should
improve glycemic control and should, thus,
have a direct impact on healthcare costs by
reducing the number of hospitalizations,
physicians' office visits, and lawsuits.

Self-Monitoring Errors
The American Diabetes Association (ADA)

recommends that patients with type 1 diabetes
monitor blood glucose at least 3 times daily,
and patients with type 2 diabetes who are
treated with insulin or oral hypoglycemic
drugs monitor blood glucose daily.21

Self-monitoring of blood glucose (SMBG)
is especially important for glycemic control in
patients with type 1 diabetes, because their
day-to-day blood glucose concentrations are
more variable when compared with patients
who have type 2 diabetes. Indeed, regular
SMBG – at least 3 times daily for type 1 and
once daily for type 2 diabetes – has been
linked to improved glucose control.22

National surveys suggest that the frequency
of SMBG is far from adequate. Indeed, only
33% of the patients with diabetes generally
were found to monitor their blood glucose
levels.23 An additional concern is that only
40% of those with type 1 diabetes, a group
with highly variable glucose levels, monitored
their blood glucose levels at least once a day,
with 21% never performing an SMBG. 

For patients with type 2 diabetes, almost
half (47%) were found to never self-monitor
glucose levels. Overall, the proportion of

patients with diabetes who self-monitored
decreased with age. The reasons for these dis-
concerting findings are unclear; however,
monitoring inconvenience and discomfort are
likely major factors. 

Yet, even when
patients with dia-
betes self-monitor
regularly, conven-
tional methods may
not accurately reflect
24-hour glucose lev-
els. 

In children with
type 1 diabetes,
glycemic control
optimizes growth
and normal develop-
ment, and decreases
the chances for com-
plications. Yet in pediatric populations,
achieving near-normal glucose control is more
challenging than in adult patients. 

Indeed, children with diabetes, despite
achieving excellent HbA1c levels and prepran-
dial glucose levels, often experience nocturnal
hypoglycemia and postprandial hyper-
glycemia not evident with routine blood glu-
cose monitoring; thus, their risk for insulin
dosing errors increases. 

The MiniMed® Continuous Glucose
Monitoring System (CGMS), which uses a
Holter-type monitor to measure 24-hour glu-
cose levels, has been shown to offer a clear
advantage over conventional glucose monitor-
ing by identifying pediatric patients with noc-
turnal hypoglycemia and postprandial hyper-
glycemia, thus optimizing basal and bolus
insulin therapy in pediatric patients with type
1 diabetes.24 CGMS 24-hour results show that
conventional SMBG does not detect the
marked day-to-day variations in glucose lev-
els characteristic of pediatric type 1 diabetes,
a monitoring deficiency that may undermine

MISADVENTURES IN INSULIN THERAPY
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the efficacy of insulin therapy. 
Until the CGMS-24 is readily available,

there is good agreement between the glucose
concentration measured in whole blood by
SMBG systems and that measured in serum or
plasma by clinical laboratory procedures.23

The strength of the correlation varies, howev-
er, depending on the glucose concentration
measured, with a decrease in accuracy noted
at both extremes of glucose concentration. 

Other factors that can influence the results
of SMBG include variations in hematocrit,
altitude, environmental temperature and
humidity, hypotension, hypoxia, triglyceride
concentrations, and user skills. 

The 1986 American Diabetes Association
Consensus Statement recommended that
SMBG systems ideally should achieve a total
error rate of less than 10% at glucose concen-
trations ranging from 30 to 400 mg/dL; how-
ever, when the accuracy of SMBG systems
was evaluated, variations in accuracy ranged
from 4% to 33%.23

Clearly, further standardization is needed to
reduce SMBG error. Several new devices have
been introduced that may help reduce vari-
ability in SMBG testing, improving accuracy
and reliability.

NEW MONITORING TECHNOLOGIES
Daily monitoring of fasting and postprandi-

al glucose levels using a lancet had been the
only measure of glucose control available to
patients at home. Fortunately, new SMBG
systems have been developed that are less
painful and less dependent on user skills; and
these presumably lessen the chances for incor-
rect glucose readings and, thus, medication
errors. 

Cell Robotics introduced a new glucose-
monitoring product – Personal Lasette® – that
uses a single-shot laser to obtain a blood sam-
ple for testing blood glucose levels. About the

size of a cell phone, this device can be used
with any meter. 

The At Last™ Blood Glucose System by
Amira Medical, an all-in-one unit, incorpo-
rates sample collection and the meter in a sin-
gle unit and permits the patient to choose the
forearm, upper arm, or thigh as a testing area.
These sites have fewer nerve endings than the
fingertips, and, presumably, are less painful. 

A similar device, the FreeStyle™ Blood
Glucose Monitoring System by TheraSense,
also permits less painful glucose monitoring
by allowing the patient to lance the forearm
instead of the fingertips. 

With the In Charge™ Diabetes Control
System by LXN Corporation, patients can
obtain glucose and fructosamine levels at
home and observe trends important for estab-
lishing long-term control of diabetes.
Additionally, patients can monitor their HbA1c

by using the A1c. At Home Kit®, which
requires only two drops of blood to be placed
on special paper that is mailed to a laboratory
for analysis. 

A new device, the InDuo™ System, was
recently introduced by LifeScan, a Johnson &
Johnson company, and Novo Nordisk. The
InDuo™ System – a combination blood glu-
cose monitor and easy-to-dial and inject
insulin delivery system – offers less painful
blood glucose testing by requiring such a tiny
drop of blood (1 microliter) that it allows peo-
ple to test on the arm, which is less painful
than the fingertip. This system also provides
clinically accurate test results in 5 seconds. 

These devices induce less pain than their
predecessors and, therefore, their use would
be expected to encourage patients to monitor
glucose levels with a frequency consistent
with achieving optimal insulin dosing and dia-
betes control. 

Yet, whether their use will become wide-
spread is uncertain. Insurance providers may
focus on the higher direct cost of the newer
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monitoring devices or view them as conven-
ience items, restricting access by requiring
prior authorization or a higher copay. 

SELF-ADMINISTRATION ERRORS 
The insulin self-administration process can

be complex and intimidating for many
patients, thus acting as a barrier not only to
initiating insulin therapy when needed, but
also to dosing accuracy, once therapy is under
way. 

The patient with diabetes who self-adminis-
ters insulin needs to acquire several skills,
which may increase the risk for errors.25

Although the problem of incorrect insulin
self-dosing appears particularly acute among
the elderly, it affects all age groups, especial-
ly those afflicted by physical impairments,
such as poor vision and osteoarthritis. These
limitations often pose a serious challenge to
accurately setting and efficiently handling
insulin self-administration devices. 

In a study that included 106 patients aged
60 or older, the percentage of patients self-
injecting the incorrect insulin dose increased
with age, with over 50% of those aged 70 or
older dosing incorrectly.26

In this study, grave errors, defined as devi-
ations of at least 15% of the base dose
amount, accounted for 24% of all the incorrect
doses self-administered. Additionally, the
complexity and discomfort associated with
vial and syringe delivery resulted in clinically
important delays in insulin delivery. 

Indeed, only about half the patients in this
study self-injected or received their insulin
dose on a timely basis, and more than a third
of the patients delayed their morning injec-
tions by 1 to 2 hours. Of concern, although
about 75% of the patients in this study used
needles that were designed to be disposable
after a single injection, only about 50% of this
group actually used their needles only once.

These findings suggest that the complexity
of vial and syringe self-administration poses a
formidable barrier to reducing medication
errors and achieving optimal disease manage-
ment. In addition, this is a potential infection
control issue.

A separate dose accuracy study found the
average percentage error rate in patients with
diabetes over the age of 40 years (mean 58
years) was 19% of doses and about 5% of
doses for patients who were either under 40
years of age (mean 23 years) or who received
injections from nurses trained in insulin deliv-
ery.11 Even though
the older groups had
s e l f - a d m i n i s t e r e d
insulin for many
years (range: 7 to 39
years) and none were
taking self-mixing
insulin formulations,
their error rate was
alarmingly high. 

Another study that
included 9 patients
with diabetes with an
average age of 66
years showed an insulin injection inaccuracy
rate of 12.2%. These patients had been inject-
ing insulin for at least 1 year and were free of
visual and neurologic disorders. 

These findings imply that the complexities
associated with the use of conventional
syringes increase medication errors and may
undermine the quality of therapy for many
patients with diabetes.27

The accuracy of patients and clinicians in
drawing up the components of self-mixed
insulin preparations has been found to be
unacceptably inaccurate.28

The errors principally involved mistakes in
ratio rather than volume, and were independ-
ent of patients' age, duration of diabetes,
experience in mixing insulin, or the size of the
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syringe. Yet, in a small study (10 patients), the
use of premixed insulin did not reduce the
average error rate of 8.1% seen with self-
mixed insulin (NPH + R).29 However, at doses
up to 30 units, with both U-30 and U-100
syringes, patients and clinicians have shown
greater accuracy with the use of premixed
insulin, such as Novolin® 70/30 or Humulin®
70/30.28

These findings suggest that unrecognized
insulin injection errors, especially those
resulting from the use of self-mixed insulin at
low doses, may be a significant cause of poor
glucose control for patients with diabetes in
all age groups.

Additionally, self-administration errors can
result from the use of an improperly sized
syringe needle or from incorrect needle inser-
tion techniques. Short-needled syringes and
longer needles have shown equivalence,30,31

although the technique required may change
for obese patients because shallow injection
may result in an increase in the variability of
insulin absorption. In addition to the depth of
needle penetration, the angle of needle entry
can also affect insulin absorption.9 

Patients have legitimate concerns about
their ability to self-inject insulin. Their anxi-
eties may stem not only from complicated
mixing and injection processes, but also from
the anticipation of pain associated with injec-
tion.32

From the patient's perspective, insulin ther-
apy also can mean a loss of control over one's
body and daily routine. Because of the com-
plexity and discomfort associated with vial
and syringe dosing, insulin self-administra-
tion is often delayed and inaccurate, jeopard-
izing optimal glucose control and increasing
the risks for potentially life-threatening
sequelae. 

To overcome these barriers, and increase
the chances for treatment success, patient edu-
cation and monitoring, as well as an individu-

alized treatment plan, are essential.
Nonetheless, simplifying the insulin self-
administration process may be the single most
important step in increasing insulin dosing
accuracy and improving the quality of patient
care. 

INSULIN INJECTION TECHNOLOGIES
Since 1922, when insulin was first adminis-

tered for the treatment of diabetes, injection
modalities have gradually evolved, providing
the patient with relatively simple, accurate,
and less painful alternatives. 

However, most patients remain on essen-
tially the same technology platform that was
developed eight decades ago with only minor
modifications.

Syringes
In the United States, the most common

method for insulin delivery is still subcuta-
neous administration with a disposable
syringe. 

Insulin syringes are marked in units and
manufactured in a variety of capacities, typi-
cally 0.25, 0.3, 0.5, and 1 mL or cc. The
insulin syringe should match the concentra-
tion listed on the insulin vial used. For
instance, all U-100 insulin must be adminis-
tered using a U-100 (100 units/mL) syringe to
avoid dosing errors. 

Further, syringes are available in two nee-
dle lengths – 8 mm (short) and 12.7 mm
(long) – and a range of diameters – 26 to 29
gauge. 

Insulin administration via syringes can be
complex and fraught with dosing errors result-
ing from injections made at an incorrect depth
or angle. Fortunately, technological advances
have provided alternatives and opportunities
for reducing medication errors, as well as
increasing patient comfort and adherence. 
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Insulin Pens 
Insulin pens are the predominant insulin

delivery method in Europe. In the United
States, these devices are now used by an esti-
mated 400,000 to 500,000 patients with dia-
betes and account for approximately 9% of the
insulin delivered.33

Resembling a writing pen, an insulin pen
contains 150 units to 300 units of insulin and
a fine needle, combining the insulin vial and
syringe in the same unit. 

Insulin pens are available in two types: pre-
filled and reusable (see Table 3, above).
Prefilled pens are discarded after use, while
the reusable pens contain a replaceable car-
tridge. 

Prefilled insulin pens have been available
in the United States since 1993 and are cur-
rently available with human insulin 70/30,
NPH, and R (Novolin® and Humulin®) as
well as insulin aspart (Novolog®) and insulin
lispro (Humalog®).34 These devices allow one
or two unit dosing increments, audible clicks
when dialing a dose, the unit dose displayed
through a large magnifying window, dose set-
tings that allow upward and downward dose

adjustments, and an end-of-dose click. A vari-
ety of reusable pens are available in the
United States 

Novolin Prefilled™, a dial-a-dose pen pre-
filled with 150 units of insulin, is an early
example of an alternative to conventional vial
and syringe insulin delivery. 

The acceptability of the Novolin
Prefilled™ (human insulin rDNA origin) sys-
tem was gauged in a study that included 64
patients, aged 20 to 69 years, with principally
type 2 diabetes (70%, 45/64).35 At the end of
this 4-week study, most patients (98%) con-
sidered Novolin Prefilled™ easy to use, and
91% expressed a desire to continue this form
of treatment. 

In 2001, Novo Nordisk received approval
to market the Innovo® insulin doser, an
insulin-injecting system that uses Novolin®
PenFill® cartridges and measures and tracks
insulin doses with the use of a built-in mem-
ory chip.36

Patients' attitudes toward pen devices were
evaluated in two multicenter surveys that
included 1,310 adult insulin users.37 In these
surveys, patients expressed a positive attitude

MISADVENTURES IN INSULIN THERAPY

Table 3: INSULIN PENS AND DOSERS

Name Manufacturer Type Volume
BD™ Pen Classic Becton Dickinson Reusable 1.5 mL, 150 units
BD™ Pen Mini Becton Dickinson Reusable 1.5 mL, 150 units
Autopen AN 3000, AN 3100 Owen Mumford Reusable 1.5 mL, 150 units
Humalog®, Humulin® Pens Lilly Prefilled 3 mL, 300 units
NovoPen® 3 Novo Nordisk Reusable 3 mL, 300 units
Disetronic® Pen Disetronic Reusable 3.15 mL, 315 units
InnoLet® Insulin Doser Novo Nordisk Prefilled 3 mL, 300 units
Innovo® Insulin Doser Novo Nordisk Reusable 3 mL, 300 units
NovoLog®,
NovoLog® Mix 70/30 FlexPen® Novo Nordisk Prefilled 3 mL, 300 units
NovoPen® Junior Novo Nordisk Reusable 3 mL, 300 units
Adapted from: reference 35
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toward pen devices, with 77% finding it easi-
er to comply with the insulin regimen using a
pen versus a syringe. Compliance also was
enhanced with the use of a pen device: 85% of
the pen users never missed an injection versus
72% of the syringe users. 

A crossover study assessed the acceptabili-
ty of the NovoPen® 3 versus vial and syringe
in 96 individuals with type 2 diabetes who
were beginning insulin therapy.38 At the end of
this 24-week study, the vast majority of
patients (89.5%) preferred the NovoPen® 3 to
the vial and syringe, and indicated that this
modality induced less pain and was easier to
use. 

Children with diabetes often require small
insulin doses, with 20% of children up to age
5 requiring only 1 to 2 units per injection.39 In
that low-dose range, the tolerance for dosing
error is small, increasing the risks for medica-
tion error. 

In children with type 1 diabetes, pen
devices were found to be more accurate than
regular syringes when caretakers measured
insulin at low doses (< 5 units).40

In another study, the accuracy of various
insulin delivery devices – NovoPen® (3 mL),
BD Mini Pen® (1.5 mL), Humalog® Pen (U-
100), H-TRONplus V100 insulin pump, and
insulin syringes – were examined at low doses
of 1, 2, and 5 units.41 Across doses, the pens
and the pump were more accurate than the
syringes, and at the 1 units dose, only the pen
was more accurate than the pump. Generally,
the syringe tended to overshoot the target
dose, while the pump tended to undershoot.
For all devices, however, accuracy decreased
as the dose decreased. 

In a study of adults with diabetes over 60
years of age, most patients (86%) found the
prefilled insulin pen (NovoLet®) easy to use,
and almost all patients (90%) preferred the
pen to conventional syringe delivery.42

The NovoLet® prefilled insulin pen

(known as Novolin Prefilled™ in the United
States) also was compared with conventional
syringe insulin administration in a crossover
study that included 21 newly diagnosed
insulin-dependent individuals over the age of
60.43

After an 8-week treatment period, HbA1c

was significantly (p < 0.02) lower with the use
of the pen than with conventional syringe
treatment (7.3 ± 1.2 versus 7.8 ± 1.2), and all
patients preferred the pen to the syringe as a
mode of self-administration. These results
suggest that insulin administration via a pen
device is typically preferable to syringe
administration, and the former method may
even enhance glycemic control in some
patients. 

Insulin pens provide a portable, accurate,
and easy-to-use delivery platform for insulin
administration. These devices reduce the com-
plexity of the injection process by eliminating
the steps required to fill the syringe. One lim-
itation to overall use of the pen systems is the
limited selection of insulin preparations –
Lente®, Ultralente®, and insulin glargine
(Lantus®) – which are only available in vial
form.

InnoLet®
InnoLet®, a new prefilled disposable

insulin delivery device recently approved in
the United States,
has taken the insulin
device concept a step
further. 

This insulin doser
has been designed to
simplify the insulin
a d m i n i s t r a t i o n
process. The design
features of this easy-
to-handle device
include a clock-like
dial with a large dose selector scale and audi-

MISADVENTURES IN INSULIN THERAPY
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InnoLet®:
A new prefilled dispos-

able insulin delivery
device that features a
clock-like dial with a
large dose selector
scale and audible

clicks when selecting
a specific dose.
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ble clicks when selecting a specific dose. 
The accuracy and patient acceptability of

the InnoLet® doser versus the disposable
Humulin® Pen and conventional syringe (0.5
mL, 100 units mL) were examined in a ran-
domized, multicenter, open-label study that
included 86 insulin-naïve patients, average
age 69 years, with type 2 diabetes.44 Visual
acuity ranged from 20/40 to 20/200 (correct-
ed) and about 25% (22/86) of the patients
were considered severely visually impaired. 

The proportion of patients able to set four
randomly selected insulin doses was signifi-
cantly greater with InnoLet® (92%) than with
the Humulin® Pen (45%) or syringe (61%).
Using InnoLet® the participants were able to
set and dispense the correct dose in a mean
time of 26 seconds without verbal or written
instruction. 

Additionally, the proportion of patients
who were able to set and dispense three ran-
domly selected doses after reading the manu-
facturer's instructions was significantly
greater with InnoLet (80%) than with either
the Humulin® Pen (61%) or the syringe
(27%). Similarly, after 5 minutes of verbal
instruction, a significantly greater proportion
of patients was able to set and dispense three
randomly chosen doses when using InnoLet®
(98.8%) versus the Humulin® Pen (84.9%) or
the syringe (63.5%). 

Most patients (87%) expressed a strong
preference for InnoLet® while only 13%
expressed a preference for the Humulin® Pen;
no patients preferred the syringe.
Additionally, at least 70% of the patients con-
sidered the InnoLet® device easiest to hold
and operate. 

These results indicate that the design of the
InnoLet® insulin doser may enhance the qual-
ity of insulin delivery by improving dosing
accuracy and patient acceptability and, thus,
reduce the healthcare costs related to insulin
self-administration errors, when compared

with the insulin pen or syringe.

Insulin Jet Injectors
For needle-phobic patients, insulin jet

injectors may be an option. Used by an esti-
mated 50,000
patients in the United
States, insulin jet
injectors, which also
resemble pens, force
a tiny stream of
insulin through the
skin by pressure
instead of puncture.

45

Older insulin
injectors were heavy
and cumbersome,
and about 10% of the
patients using them experienced pain at the
injection site. In 2000, Equidyne introduced
the compact Injex 30® needle-free injector, a
device that uses a high-velocity stream of liq-
uid to deliver insulin. All insulin jet injectors
may cause bruising at the injection site, how-
ever.

Insulin Pumps
Used by nearly 100,000 patients in the

United States, insulin
pumps represent the
most rapidly growing
insulin delivery
device market.45

The size of a
pager, insulin pumps
consist of an insulin-
filled reservoir, a
battery operated
pump, and a comput-
er chip that permits
controlled delivery
of insulin through a
small plastic cannula inserted under the skin. 

With an insulin pump, glucose levels can be

MISADVENTURES IN INSULIN THERAPY
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Insulin Jet
Injectors:

Resembling pens, the
devices force a tiny

stream of insulin
through the skin by
pressure instead of
puncture. Ideal for

needle-phobic
patients.

Insulin Pumps:
The size of a pager,
they consist of an

insulin-filled reservoir, a
battery operated

pump and a comput-
er chip that permits 

controlled delivery of
insulin through a small
plastic cannula insert-

ed under the skin.

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION 

nma supplement 2-158.qxd  2/3/2003  12:50 PM  Page 13



maintained between meals and overnight dis-
pensing a basal rate, and a bolus dose can be
programmed for delivery at mealtime. 

Insulin pumps offer several advantages,
such as close simulation of normal pancreatic
function, reduced frequency of severe hypo-
glycemia, and more predictable insulin
absorption. Currently, only an exterior pump
device is available, but an implantable pump
and a pump that delivers insulin osmotically
through the skin are in development.36

FUTURE TRENDS
Several insulin delivery modalities are in

development, including the insulin patch, gel
capsules, buccal
insulin, ultrasound
delivery, and eye
drops. Yet, the
approach that has
received the most
attention is inhaled
insulin. 

Still in phase III
testing, insulin
inhalers appear to be
as effective as inject-
ed insulin in control-
ling blood glucose
levels. 

Permeable to most drugs, the lungs are an
ideal delivery route for providing rapid onset
of action; however, this route is also ineffi-
cient, delivering only about 30% of the drug
to the bloodstream. 

As a consequence of the higher doses
required, drug costs may be increased, as well
as the risks for any deleterious effects to the
lung tissue from inhaling high doses of
insulin, a growth promoting hormone, over
the long term.46 The long-term effects of
inhaled insulin are unknown.

A trend that has been growing is the use of
basal/bolus dosing. This dosing trend will

result in an increase in the number of injec-
tions per day as patients use small quantities
of a rapid- or short-acting insulin to supple-
ment their long-acting (basal) injection. 

CONCLUSIONS
Insulin medication errors are unacceptably

high, and the quality of insulin administration
for many patients remains poor, posing seri-
ous impediments to optimal diabetes control.
Increased physician vigilance in patient edu-
cation/monitoring and clearly prescribing
insulin may help to achieve a reduction in
insulin medication errors. However, patient
variability in self-administration continues to
undermine effective diabetes management. 

The complexities associated with the use of
the syringe and the associated injection tech-
nique can directly undermine dosing accuracy
and, thus, glucose control. The use of newer
insulin administration technologies – the
InnoLet® dose, the pen, the insulin pump, for
instance – can enhance the quality of insulin
delivery for all patients with diabetes. 

By removing important sources of patient
error associated with the use of vial and
syringe, these new technologies ensure that
patients with diabetes, even those with physi-
cal impairments, will be able to more easily
and accurately self-administer the appropriate
insulin dose, reducing dosing-related anxi-
eties and increasing the patients' sense of con-
trol over their disease. Widespread use of the
newer insulin delivery technologies faces
important hurdles; indeed, the most important
may be acceptance and payment by the man-
aged care organizations. 

The vial and syringe insulin delivery
approach is still by far the most common and
inexpensive, at least in terms of up-front
costs.

Many managed care organizations currently
view new insulin delivery technologies as
expensive convenience items, restricting their
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- Increased use of
insulin inhalers.

- Smaller doses of
rapid- or short-act-
ing insulin to sup-
plement longer-
acting (basal)
injections.
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access by requiring higher copay amounts and
rigorous prior authorization procedures.
However, when the new insulin delivery tech-
nologies are viewed from a longer-term per-
spective, the use of these devices should
reduce overall healthcare costs by reducing
the hospital, physician, and litigation costs
associated with medication errors and uncon-
trolled diabetes. 

In response to the overwhelming evidence
of insulin-related medication errors and the
benefits of reducing those errors, clinicians
and managed care organizations should
reassess how insulin is currently delivered and
consider the use of devices that are simple to
use, reliable, and accurate. 
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