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A thorough knowledge and understanding of the use of
insulin is essential to the proper treatment of diabetes.
Currently, approximately one-third of all patients in the
United States with diagnosed diabetes, including essen
tially all those with Type 1 diabetes, are being treated with
insuhn. It is thought that a significant proportion of the
patients who are not now receiving insulin have subop
timal diabetes control and would benefit from the use of
insulin. Those who do take insulin are often poorly
managed, have inadequate or inappropriate insulin regi
mens, receive deficient education on the management of
their disease, and are in poor communication with their
physicians. Insulin is often viewed by both patient and
physician as a treatment of last resort—a club or weapon
to stave off disasters such as ketoacidosis and coma rather
than a tool to correct or reverse the metabolic derange
ments that accompany diabetes.
Normally, the physiologic secretion of insulin into the
portal circulation to control the concentration of glucose
in the blood is timed precisely to meet the body's needs
for glucose disposal and is regulated exquisitely by
circulating body fijels and hormones. Once such control
is lost, as in diabetes, it is extremely difficult to duplicate
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with subcutaneous injections of insulin released into the
peripheral circulation.'"^ Although it has been said that
"the goal of physiologic replacement remains elusive,"'
much can be done to approach that end, and our
knowledge and abilities to achieve this goal have im
proved steadily. Because blood glucose levels can be so
variable and are subject to changes in response to
activity, diet, and numerous other factors, the establish
ment of good control is extremely labor-intensive, requir
ing vigilance by both patient and physician. Blood
glucose levels must be monitored and evaluated contin
ually, with adjustments in insulin dosage and regulation of
activity and diet. Perhaps no area of therapy in internal
medicine requires such close contact and communica
tion between patient and physician.
Many developments have been made in insulin therapy
since the publication of the previous edition of this
text. Much has been learned about the chemistry and
pharmacologic effects of insulin, as well as about the
mechanisms of insulin action. The purity of commercially
available insulins has improved, with a resultant decrease
in their immunogenicity and related lipoatrophy, allergy,
and immunologic insulin resistance. The use of human

insulin as a therapeutic tool has continued to increase,
now being dominant compared with animal insulins.
Home blood glucose monitoring has become a routine
component of diabetes management and has largely
replaced urine testing. Periodic measurement of glycosy
lated hemoglobin levels is now a routine feature of
diabetes care.
Debate continues about the indications for insulin
treatment in many key situations, as well as about the role
of insulin versus suffonylureas in the early stages of
diabetes. Debate has been resolved, however, on one
other issue; it is clear that improved control of blood
glucoses can decrease or prevent the microvascular
complications of diabetes. New insulin regimens have
been advocated, including "intensive" insulin treatment
involving multiple daily injections, home blood glucose
monitoring, and the adjustment of insulin dose on the
basis of blood glucose measurements. There has been an
increased use of long-acting ultralente insulins instead of
the intermediate-acting insulins in certain situations.
Alternative insulin injection systems, such as pen-type
cartridge devices, are now widely used in some parts of
the world. Open-loop, continuous, subcutaneous insulinpump delivery systems continue as a mode of treatment
for intensive diabetic control, but this form of therapy has
been restricted to a relatively small subset of patients.
Implantable insulin delivery systems are now in ex
perimental use in patients with Type I and Type II
diabetes."'
Further developments are anticipated in the near
future. Monomeric insulin analogues have been devel
oped that have more-rapid subcutaneous absorption
profiles than regular insulin. These are expected to
provide improved control of postprandial glucose levels.^'^ Other insulin analogues with extremely long
haff-lives may prove superior to ultralente insulin for the
delivery of basal insulin. The development of insulin
preparations that will be absorbed nasally continues.^
The creation of a reliable and accurate implantable
glucose sensor remains the missing link in the develop
ment of a closed-loop insulin delivery system,^ and islet
cell transplantation is still in the experimental stage.
Pending further developments in these areas, the main
stay of therapy for the near future will probably continue
to be subcutaneous insulin injection.

HISTORICAL BACKGROUND
We now have 70 years of experience with the use of
insulin. Insulin was first isolated by Banting and Best from
dog pancreas in 1921,® and the first injection of insulin
was given to a patient with diabetes at the Toronto
General Hospital on January 12, 1922.^ In the next few
years, great strides were made in the extraction and
purification of insulin, such that insulin became widely
available for the treatment of patients with insulindependent diabetes mellitus (IDDM). At that time,
because of the relatively short duration of action of
soluble insulin, it was necessary to inject insulin subcu
taneously three to four times a day to control blood
glucose levels adequately.

In 1936, Hagedorn discovered that the activity of
insulin after injection couldbe delayed or prolonged with
the addition of various basic proteins, such as fish
protamine, which kept the insulin in suspension so that it
was absorbed more slowly from subcutaneous sites.In
the same year, Scott and Fisher showed that zinc and
other heavy metals could extend the duration of action of
protamine insulin even fiirther,
a finding
that led to the
development of protamine zinc insulin (PZI), the first
really stable insulin preparation with prolonged action."
An injection of PZI could lower the blood glucose level
for 48 to 72 hours and could be administered once a day
by the patient for blood glucose control. The availability
of protamine insulin and PZI ushered in the "Hagedorn
Era," which revolutionized insulin therapy, leading to the
predominance of once-a-day regimens of intermediate
and long-acting insulins in the treatment of diabetes, as
opposed to the multiple daily injections of soluble insulin
used previously. In subsequent years, other insulins with
prolonged action were developed. Isophane insulin, a
more stable form of protamine insulin also known as NPH
insulin (neutral protamine Hagedorn), was introduced in
1946'^ and has become the most widely used insulin in
the United States. Insulin zinc suspensions that contain no
added protamine or modifying proteins—referred to as
the "lente" (slow-acting) series—were developed and
introduced in the early 1950s."
The past 20 years have seen a progressive improve
ment in the purity of commercially available insulins. This
has resulted in a marked decrease in the medical
problems attributed to immunogenicity of the insulin
preparations. In 1980, human insulin was introduced, and
its use has increased steadily.The treatment of diabetes
with insulin has been greatly influenced by the increased
use of home blood glucose monitoring, which has
allowed patients to adjust their insulin doses with
algorithms based on their blood glucose levels. This has
resulted in the development of a number of insulin
regimens designed to accommodate physiologic needs
for insulin, as will be discussed later in this chapter.

TYPES OF INSULIN
A list of the most commonly used insulins commer
cially available in the United States is given in Table
27—1. Similar preparations, often under different com
mercial names, are available throughout the world.
Recent years have seen increasing standardization of the
insulin preparations, as the production of insulin has
become concentrated in the hands of fewer pharmaceu
tical companies as a result of mergers. Nevertheless, in
recent years the number of different types of insulin
available has increased because of the development of
insiilins from many species, of many degrees of purity,
and of new insulin delivery systems such as pen-type
devices.

Rapid-Acting Insulins
Regular insulin (also called crystalline zinc insulin, or
CZI) is clear in solution to permit the most rapid
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Table 27-1.

Characteristics of Insulins Available in the United States
Action profile (hr)*

Types and
Preparations
SHORT-ACTING
Regular
Buffered regular
INTERMEDIATE-ACTING
NPH
Lente
Isophane/regular
U-500
LONG-ACTING
Ultralente
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Peak

Duration

Insulin
Species^

Composition

Onset

Insulin solution, unbuffered
Insulin solution, phosphate
buffer

0.5
0.5

2-5
2-5

Protamine zinc suspension,
phosphate buffer
Amorphous and crystalline
suspension, acetate buffer
NPH 70%, regular 30%
Concentrated, unmodified
insulin solution

1-2

4-12

18-26

H,P,B,B/P

1-3

6-15

18-26

H,P,B,B/P

0.5
1-3

2-12
6-12

24
12-18

H,P
P

Crystalline suspension,
acetate buffer

4-6

8-30

24-36

H,B,B/P

6-8
6-8

and „,he,,ac« .ha,.»«

H,P,B/P
H,P

p.ar.acokine.ics.

= human insulin; P = pork insulin; B = beef insulin; B/P = mixture of beef and pork insulins.
^Production of PZI was recently discontinued in the United States.

absorption possible after injection, with peak activity
usually 2 to 4 hours after subcutaneous injection. Its total
duration of action after subcutaneous injectionis generally
considered tobe approximately 6hours, but a great degree
of variability has been demonstratedbothbetween subjects
and at different times in the same individual. Daily insulin
treatment programs most often use regular insulin to
counteract the surge inblood glucose level that occurs after
a meal.Whenregular insulinis givensubcutaneously, onset
of action is delayed, so it should be injected 30 to 45
minutes before ameal.Inmany treatment regimens,regular
insulin is often mixed in the syringe with an intermediateor long-actinginsulin. Oftenthe patient can adjust the dose
of regular insulin according to blood glucose measure
ments determinedby homemonitoringand the application
of pre-set algorithms. In addition, boluses of regular insulin
can be given to supplement the usual insulin dose when
there is hyperglycemia or ketosis in situations of acute
illness. Regular insulin can also be injected from prefilled
cartridges in pen devices for frequent before-meal admin
istration.
Administration of insulin by continuous subcutaneous
infusion(CSII) with insulinpumps is done exclusively with
regular insulin. However, it has been found that the
standard form of regular insulin, which is in an unbuffered
solution, is subject to denaturation and aggregation in the
tubing.'^ This problem is less common with phosphatebuffered forms of regular insulin, such as Velosulin (Novo
Nordisk), which are now preferred for use in insulin
pumps.
Regular insulin is the only insulin that can be used
intravenously. It is therefore used in infusions for treat
ment of diabetic ketoacidosis, hyperosmolar nonketotic
coma, and the maintenance of blood glucose levels
during surgery, trauma, and metabolic emergencies.

Semilente insulin has a longer duration of action than
regular insulin, with a peak activity 2 to 8 hours after
injection. It is now prescribed infrequently. It has some
value as a substitute for intermediate-acting insulins in
those patients for whom the action of these insulins tends
to be delayed and may also be used in place of regular
insulin in those patients with extremely rapid hypoglyce
mic responses to injected insulin.

Intermediate-Acting Insulins
All insulins other than regular insulin are modified into
a suspension form to delay their absorption from subcu
taneous sites, thereby prolonging their action. This
modification can be accomplished by the addition of
protamine, as in NPH insulin, or with zinc, as in the lente
series of insulins. NPH and lente insulins are both
commonly used, as their durations of action are similar
and permit satisfactory glycemic control with one or two
injections a day. Lente insulin is a stable mixture of 30/6
semilente insulin and 70% ultralente insulin. Although it
is often said that these two insulins are interchangeable,
lente insulin frequently has a more prolonged duration of
action than NPH insulin. In theory, lente insulin may be
preferable because it contains no additional protein that
might serve as an allergen. However, this difference has
not been found to be of clinical significance,'® and NPH
insulin is used widely. In addition, the use of NPH insulin
in mixtures with regular insulin may offer some benefits,
as will be discussed later in this chapter.

Long-Acting Insulins
In recent years, ultralente insulin has been used more
frequently
in a variety of regimens. Its slow onset of

action, long duration, and relatively small peak of hypo
glycemic effect make it useful in regimens requiring a
constant basal action of insulin. In many cases, beef
ultralente insulin can be given once a day to provide a
relatively "peakless" effect. In some individuals, however,
this insulin has a more rapid effect, making two injections
per day necessary for a "peakless" effect. Ultralente
insulin has a very long half-life of activity after injection,
and many days of treatment with this insulin may be
necessary before a steady-state level of circulating insulin
is achieved. Some advocate giving a large initial loading
dose to a patient starting ultralente insulin.'^ Human
ultralente insulin has a shorter duration of action than
beef ultralente^" and is therefore not "peakless" when
given once a day. It is usually given twice a day to achieve
a basal effect of insulin activity. Human ultralente insulin
is also useful as a replacement for intermediate-acting
insulins in those patients for whom these insulins have
too rapid an effect. For example, some patients take NPH
insulin along with regular insulin before supper to cover
their needs until morning. Often, the action of NPH
insulin will not last through the night. This may be
remedied by delaying until bedtime the patient's night
time NPH injection; alternatively, ultralente can be used
before supper to achieve the same effect. Similarly,
human ultralente insulin can occasionally be used for the
morning insulin injection when NPH or lente insulin have
been found to have their peak hypoglycemic effect too
early in the afternoon. PZI has a slow onset and long
duration of action similar to ultralente insulin but is now
rarely used in the United States.

INSULIN PURITY, SPECIES, AND CONCENTRATION
As mentioned earlier, the purity of insulin preparations
available from pharmaceutical companies has increased
during the past 20 years. Prior to 1970, the insulin
formulations available for clinical use were purified by
recrystallization and contained significant amounts of
impurities, including proinsulin, insulin intermediates,
and contaminating proteins from islet tissue or exocrine
pancreas such as glucagon, somatostatin, and pancreatic
polypeptide.^' Standard insulin preparations contained
proinsulin, a marker of impurities, in concentrations of
10,000 to 20,000 parts per million (ppm). Subsequently,
insulin preparations have been routinely purified by gel
filtration
and, more recently, by ion-exchange chromatog
raphy and other molecular-sieving techniques. There has
been a progressive improvement in the purity of com
mercially available insulins, such that "standard" insulins
currently have only 10 to 20 ppm of proinsulin and
"purified" monocomponent insulins have less than 1
ppm.^^ These improvements have resulted in a marked
decrease in the medical problems attributed to immuno
genicity of the insulin preparations, such as insulin
allergy, insulin resistance, and localized lipoatrophy.^'

Beef and Pork Insulins
Until recently, the most commonly used insulins were
extracted from beef and pork pancreata. Beef insulin
differs from human insulin by three amino acids, while
pork insulin differs from human insulin by only one

amino acid. Thus, the use of beef insulin has been
associated with higher levels of circulating antibodies to
insulin, as well as to an increased incidence of insulin
allergy, insulin resistance, and other antibody-mediated
complications of treatment. However, these problems
related to immunogenicity have been relatively rare in
comparison to the those seen when commercial insulins
were less purified.^"' In a number of patients, the action of
beef insulin preparations appears to have a slower onset,
a later peak, and a longer duration than corresponding
preparations of pork insulin. The reasons for this are
unclear but may be related to the insulin binding to
circulating antibodies or possibly to differences in the
properties of insulin binding to protamine and zinc.
"Standard" insulin in the United States manufactured by
Eli Lilly (Iletin I) is a mixture of beef and pork insulin, in
a ratio of approximately three to one. The "standard"
insulin available from Novo Nordisk Pharmaceuticals
consists of beef insulin inthe intermediate- and longacting forms and pork regular insulin. More-purified
preparations of both pork and beef insulin are available
for those patients with specific clinical needs—usually
related to the immunogenicity of the insulins.

Human Insulin
Until 1982, human insulin for human use was unavail
able commercially. It had been synthesized chemically by
several groups in the early and mid-1960s, but toti
chemical synthesis was too technically difficult and
expensive to apply to large-scale pharmaceutical produc
tion. Human insulin extracted from cadaveric pancreas
was available in small quantities,but the limited supply
of specimens and the capacity of the pancreas to undergo
autodigestion after death made this an impractical source.
This was changed by the development of techniques to
produce insulin by recombinant DNA technology. The
DNA sequences encoding the A and B chains of insulin
were synthesized and inserted into plasmids in Es
cherichia coH. The proteins encoded by these DNA
inserts were synthesized in culture, harvested and puri
fied, and reassembled with the appropriate disulfide
linkages to form human insulin.^^ Human insulin can also
been made by a single fermentation process to produce
proinsulin, which can be converted to insulin by enzy
matic cleavage.^® Human insulin has been produced with
these techniques for clinical use by Eli Lilly since 1981.
Human insulin was also produced from pork insulin by
enzymatically removing the amino acid alanine from the
carboxy terminal position of the B-chain and replacing it
with the amino acid threonine.
These substitutions
resulted in the production of insulin with an amino acid
sequence identical to that of insulin of human origin and
was the method by which Novo Nordisk Pharmaceuticals
produced insulin for clinical use. More recently, this
company began producing human insulin by recombi
nant DNA technology in yeast {Saccharomyces cerevi-

siae)}'^
All of the preparations of human insulin that are
currently available have few or no impurities and show
no evidence of contamination with bacterial protein,
pancreatic peptides, or insulin breakdown products."
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The biologic activity and pharmacokinetics of action of
each of the types of human insulin are similar to those
of purified pork insulin'^; and human NPH, lente, and
ultralente insulin were indeed formulated to have onset
and duration of action similar to that of their corre
sponding animal insulins. Nevertheless, there is some
evidence that human regular insulin is more rapidly
absorbed from
subcutaneous sites, with a more rapid
onset of action after injection.'' This may also be true
of the longer-acting human insulins,'^ with human NPH
insulin having a more rapid onset of activity than
human lente insulin." As mentioned earlier, human
ultralente insulin acts more rapidly than beef ultralente
insulin and must be administered twice a day in di
vided doses to achieve a basal "peakless" level in the
circulation. Because of variations in the pharmacokinet
ics of different species of insulin and even of different
brands of insulin of some species, it is inadvisable for
patients to interchange insulin preparations indiscrimi
nately without the supervision of a prescribing physi
cian. Patients should be carefully instructed about the
changes that might occur when a switch of insulin
preparation is necessary.
Human insulin is less antigenic than beef insulin in
most patients, a difference resulting in lower titers of
antibodies to insulin and in a decrease in incidence of
allergy and insulin resistance.'^ It is probably less
antigenic than purified pork insulin as well, although in
this case the difference between the insulins is small and
rarely clinically significant.'^ Circulating antibodies to
insulin are still generated even with the use of human
insulin, albeit in lower titers than those reached with the
use of animal insulins. Although there is no good
evidence suggesting that human insulin is preferable to
purified pork insulin for clinical use, human insulin has
become much more widely used in North America
because of its lower cost and increasing availability.
Currently, human insulin represents 67% of the insulin
sold in the United States and 74% of the all the insulin
sold in the industrialized nations.'® Because human
insulin has become less and less expensive to produce, it
is likely that it will continue to dominate the market and
eventually to replace animal insulins except in isolated
clinical circumstances.
There are some specific medical indications for switch
ing a patient from animal insulin to human insulin; It is
particularly helpful in eliminating medical problems
caused by the antigenicity of animal insulins such as
insulin allergy, insulin resistance, and localized lipoatro
phy at injection sites.'® Human insulin can also be used in
patients treated with the animal regular insulins for
whom the hypoglycemic effect is too delayed to coun
teract the rise in blood glucose level after meals.
Currently, at the Joslin Diabetes Center, most patients
beginning therapy with insulin are given human insulin.It
would seem best, at least theoretically, to use human
insulin in those patients who are being exposed to insulin
for the first
time or who may be receiving insulin
temporarily, such as women with gestational diabetes.
Stopping and starting the administration of insulin in
creases its antigenic potential.^"

However, ff a patient is using "standard" animal insulin
and has good glycemic control with no adverse effects of
therapy, there is no good reason to change to human
insulin. Indeed, the more rapid onset and shorter dura
tion of action of human insulin could present problems in
some clinical situations. Patients who administer NPH or
lente insulin before breakfast may sometimes find that the
human insulin has an earlier peak of activity, causing
hypoglycemia earlier in the afternoon, differences neces
sitating changes in diet, activity, or adjustments in the
insulin regimen. Recently, there have been reports that
the use of human insulin may be associated with a
decrease in the development of warning symptoms of
hypoglycemia in comparison to those noted with purified
pork insulin.^The significance of these findings
is
unclear, and they will require ftirther confirmation. Other
studies show no difference in the effects of human and
animal insulins on counterregulatory responses in normal
patients^^ or in warning symptoms or incidence of
hypoglycemia in diabetic patients.^® It is possible that
lack of awareness of hypoglycemia may be associated
more with improved overall glycemic control than with
the use of human insulin. Nevertheless, ff a patient were
to develop hypoglycemia unawareness while taking hu
man insulin, a trial of purified pork insulin could be
considered if other adjustments to minimize severe
hypoglycemia were unsuccessful.

Insulin Concentrations
Almost all insulins now used in the United States are at
a concentration of 100 units/mL (U-100). The syringes
currently available are designed for this concentration.
Some preparations of U-40 (40 units/mL) insulin are still
available and may be used in infants and patients
requiring very small doses of insulin more easily handled
with dilution, but they are rarely used in this country.
U-500 and U-5000 insulin are used in rare situations of
insulin resistance when very high doses are required.
These concentrated insulins are available only as regular
(soluble) insulin, although their duration of action is
more prolonged because of their higher concentration.
Worldwide, insulin is available in a wider range of
concentrations, including U-40, U-80, and U-100. Patients
traveling outside the United States must be cautioned
about this and instructed to use syringes appropriate to
the concentration of insulin they are using to avoid
dosage errors.
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the early stages of TypeIdiabetes is currently not advised
because it may exacerbate progression to insulin defi
ciency later on. In a very young, thin patient with
extreme hyperglycemia and ketosis, the decision to start
insulin is straightforward. In patients for whom it is not
clear clinically whether the diabetes is TypeIor Type II,
noting the presence of circulating islet cell antibodies or
the relative absence of C-peptide after stimulation with
glucagon can be helpftil for diagnosis. In practice,
however, these tests are rarely needed. Most pregnant
patients with diabetes mellitus, whether Type I or Type
II, will require treatment with insulin because oral
hypoglvcemic agents are contraindicated during preg
nancy. ®
Patients with Type 1 diabetes who initially receive
insulin are at initial risk of hypoglycemia and require only
small doses of insulin because of the induction of some
recovery of residual insulin secretion and improvement
in insulin sensitivity by insulin therapy. In the first few
months of therapy, it is not uncommon to see a decline,
to very low levels, of the daily dose of insulin necessary
for glycemic control, and in many cases, use of insulin
could potentially be stopped temporarily. This remission,
often called the "honeymoon phase," may last a few
weeks to several mondis. During this periodit is advisable
to continue therapy with insulin at a low dose rather than
stopping it entirely, because intermittent use of insulin
can increase its antigenicity.^' As previously mentioned,
insulin therapy to suppress islet cell secretion early in the
course of IDDM may also have a beneficial effect in
preserving residual p-cell fiinction."'^

GOALS OF THERAPY
The principal goal of the use of insulin for treatment
of diabetes is elimination of the clinical symptoms of
hyperglycemia and the prevention of diabetic ketoaci
dosis and hyperosmolar coma (Table 27-2). Secondary
goals include the restoration of lean body mass and
exercise capacity, decrease in the incidence and sever
ity of infections, and improvement in the patient's
sense of well-being. This can commonly be achieved
with one or two injections of an intermediate-acting or
long-acting insulin per day. The time and dose of
insulin injections can be adjusted in coordination with
meals and exercise to avoid hypoglycemic episodes and
thus decrease the symptoms of polydipsia, polyuria, and
weight loss. When necessary, regular insulin can be

INITIATION OF INSULIN THERAPY
The decision to start insulin therapy may depend on a
number of factors. Clearly, a patient with clinically
evident Type 1 diabetes (IDDM) and hyperglycemia with
glycosuria should be treated with insulin. Insulin acts
directly to counteract the metabolic effects of insulin
deficiency. In addition, there is some evidence that early,
aggressive treatment with insulin may have a beneficial
effect on progression to total insulin deficiency in Type I
diabetes by decreasing islet cell antigenicity and autoim
mune destruction of P-cells.^^ For this reason, temporary
use of an oral hypoglycemic agent, rather than insulin, in

Table 27-2.
1.
2.
3.
4.
5.
6.
7.

Goals of Insulin Therapy

Elimination of prime glycosuria symptoms
Prevention of diabetic ketoacidosis, hyperosmolar coma
Restoration of lost lean body mass
Improvement in exercise capability and work performance
Improvement in sense of well-being
Reduction of frequent infections
Decrease in fetal malformations, fetal and maternal morbidity,
in pregnancy
8. Delay, arrest, or prevention of the microvascular and macrovascular complications of diabetes
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added to the regimen to reduce postprandial hypergly
cemia. These so-called standard regimens have been
used by the majority of patients with diabetes and are
not expected to achieve perfect control of blood glu
cose. Their main advantages are simplicity, safety, and
ease of compliance for the patient.
There are other situations, however, when the goals of
standard therapy are insufficient and insulin must be
administered in a manner that will bring blood glucose
levels to normal, nondiabetic values throughout the day.
Regimens that achieve this are called "intensive" regi
mens because they require multiple injections or boluses
of insulin during the day to mimic the physiologic needs
of the patient for an insulin response to the increase in
blood glucose level that follows meals. These regimens
are commonly used for the control of diabetes during
pregnancy, when the achievement of near normoglycemia has been shown to decrease the incidence of fetal
malformations and to reduce both fetal and maternal
morbidity.'®
Until recently, it was debated whether intensive regi
mens in the general diabetic population are safe and
whether they can ameliorate or prevent the development
of long-term microvascular and macrovascular changes of
diabetes. Past studies of a large clinic population demon
strated a correlation between poor glycemic control and
the occurrence of long-term complications of diabetes,
but this did not indicate whether the initiation of
intensive control could actually effect a change in the
incidence or progression of complications.'' Previously
published prospective randomized studies comparing
intensive and standard insulin therapy have been incon
clusive'^ and involved relatively few subjects."''^ Most
have shown that after switching to intensive control,
retinopathy may worsen in the first 6 to 8 months.""'^
This is probably a transient effect and may be followed by
some amelioration of retinopathy.'® '® Intensive control
has also been shown to decrease proteinuria in patients
with nephropathy^" and lower GFR in patients with
hyperfiltration related to diabetes.'^' All of these studies
involved patients with some preexisting microvascular
complications, and did not address the issue of whether
intensive control can prevent the long-term complica
tions of diabetes in patients who have not yet developed
any microvascular and macrovascular changes.
Fortunately, these questions have been conclusively
answered by the Diabetes Control and Complications
Trial (DCCT).'®'^ '®^ This study, involving 1443 patients,
was a prospective, randomized study comparing the
effects of intensive with standard insulin treatment on
both primary prevention and secondary intervention in
the course of long-term diabetic complications.®^ Onehalf of the patients were in the primary prevention study;
these patients had a duration of IDDM of 1 to 5 years,
showed no evidence of diabetic retinopathy, and ex
creted less than 40 mg of albumin in the urine daily. The
other one-haff of the subjects were in the secondary
intervention trial; these patients had diabetes for less than
15 years, with minimal nonproliferative retinopathy at
the start of the study, and excreted less than 200 mg of
albumin daily. All of the patients were randomized to
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either standard therapy (one or two injections of insuUn
a day), or intensive therapy (either three or more
injections of insulin a day or continuous subcutaneous
insulin infusion with insulin pumps, with frequent self
blood glucose monitoring and adjustment of their insulin
dose based upon the results of monitoring.) The results
were conclusive, showing that intensive therapy reduced
clinically important progression of retinopathy by 76% in
primary prevention patients, and by 54% in secondary
intervention patients. Intensive therapy also decreased
the incidence of clinically significant proteinuria by about
56% and reduced microalbuminuria by about 46%.
Clinically significant neuropathy was decreased by about
61%. A more comprehensive summary of the DCCT
findings is presented in Appendix A.
The DCCT has already added to our understanding of
the risks and complications of intensive therapy. The
feasibility phase of the study determined that intensive
therapy could indeed be accomplished in a large popula
tion group and result in significant declines in average
blood glucose levels and in levels of hemoglobin A[j-,
although not entirely to "normoglycemic" levels.®' Inten
sive therapy resulted in an increased frequency of
episodes of severe hypoglycemia, especially in a sub
group of patients with a previous history of hypoglycemic
episodes.®"' Other studies have shown that intensive
therapy decreases the threshold of responsiveness of
epinephrine to hypoglycemia and enhances the suppres
sion of glucose production in the liver by insulin, thereby
increasing the risk of severe hypoglycemia.®'
In the DCCT, intensive insulin therapy has been shown
to be associated with a significantly greater weight gain
than standard therapy.®® Weight gain was greatest in
those patients who started out with the highest levels of
glycosylated hemoglobin and had the greatest declines in
these levels with intensive therapy. This suggests that
major improvements in glycemic control can put patients
at risk for significant weight gain and development of
obesity. Carefijl attention to diet and caloric restriction is
extremely important in these patients. Also, certain
complications have been reported specifically with the
use of CSII, namely infections at the subcutaneous
infusion sites and increased incidence of ketoacidosis
with pump failures.®^
To be successftil, intensive insulin therapy also requires
a great amount of time, effort, and motivation on the part
of the patient. Although intensive therapy can now be
recommended for most IDDM patients, care should be
taken in the selection of appropriate patients for this form
of therapy. Any decision to use a form of intensive
therapy should take into account its possible risks and
benefits, as outlined in Table 27—3-

TREATMENT STRATEGIES
If patients with IDDM of recent onset present to their
physician with extreme hyperglycemia or diabetic keto
acidosis, they are initially treated with regular insulin
infused intravenously. Once the blood glucose and
electrolyte levels are stabilized and ketones are cleared

Table 27-3.
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Intensive Insulin Therapy

BENEFITS
1. More rational control of blood glucose with the ability to adjust
insulin doses to changes in diet, activity, and illness
2. Improved sense of well-being
3. Delay in onset and progression of diabetic retinopathy
4. Decreases in microalbuminuria and clinical proteinuria
5. Decreased development of neuropathy
6. Reduced risk of hypercholesterolemia
7. Decreased fetal and maternal morbidity during pregnancy
DISADVANTAGES
1. Increased episodes of severe hypoglycemia
2. Hypoglycemia unawareness
3. Increased weight gain
4. In pump patients, increased ketoacidosis, infections, and
inflammation of infusion sites
5. Early exacerbation (transiently) of preexisting retinopathy
6. Increased time, effort, and cost
7. Less suitable in patients with advanced complications and in small
children

from the circulation, they can then be switched to a daily
regimen of subcutaneous insulin injections. Patients who
present with more stable hyperglycemia can initially be
treated with insulin directly as outpatients. Care must be
taken at this time to insure that patients receive a
thorough education on the use of insulin, understand the
rules for adjustment of insulin doses, learn to recognize
and treat hypoglycemia, and understand the relation of
insulin to the diet. Patients with acute illness and learning
problems, as well as children, adolescents, and the
elderly, often may benefit from hospitalization when
insulin therapy is started, in an environment where
intensive education can be carried out over several days
and insulin adjustments can be made under the close
supervision of a physician.

Single-Dose Regimens
Treatment with insulin usually is initiated with a single
daily injection of intermediate-acting insulin, given be
fore breakfast. The starting dose of insulin should be in
the range of 0.2 to 0.3 U/kg per day. Most patients with
IDDM who have no endogenous insulin secretion ulti
mately require higher daily doses, in the range of 0.5 to
1.0 U/kg per day, but it is prudent to start with a lower
dose to avoid hypoglycemia and because the patient may
have some endogenous insulin secretion. Patients should
be instructed to monitor and record their blood glucose
levels at least twice a day, especially before breakfast to
obtain fasting glucose levels and in the late afternoon to
note the peak effect of the intermediate-acting insulin.
The insulin dose is increased gradually in small incre
ments until the blood glucose values fall into an accept
able range or the patient starts to experience symptoms
of hypoglycemia. Frequently, regular insulin can be added
to the morning dose of intermediate-acting insulin to
decrease the increase in glucose level that follows
breakfast. If regular insulin is added, the insulin should be
given 30 to 45 minutes before breakfast to synchronize
the action of the insulin with the rise in blood glucose
level after meals.

Twice-Daily Regimens
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values. This situation can be remedied by giving the
intermediate-acting insulin at bedtime, rather than before
supper, a regimen necessitating three injections per day if
regular insulin is still given before supper (Fig. 27—IB).
Alternatively, ultralente insulin can be given before
supper for adequate duration of control of glucose
overnight. This may, however, be more complicated for
some patients, who will now have to use three different
types of insulin during the course of the day.

In patients with some endogenous insulin secretion,
such as those with Type II diabetes, a single injection of
intermediate-acting insulin may sometimes be sufficient
to control blood glucose levels. Often this is the case
during the first few months following initial treatment of
Type I diabetes. However, endogenous secretion of
insulin tends to decrease subsequently. Because the
duration of action of NPH and lente insulin is usually
much less than 24 hours, one can often see a pattern of
Multiple Daily Injections
high fasting blood glucose levels and low or normal
glucose levels in the afternoon and evening. In this
In most patients, the achievement of more tight control
situation, it is necessary to add a second injection of
of blood glucose values requires the administration of at
intermediate-acting insulin, which can be given either
least three injections per day. The goal of intensive
before supper or at bedtime. Some diabetologists recom
therapy is no longer merely the alleviation of symptoms
mend that two injections of insulin be given per day at
of hyperglycemia but rather the maintenance of the
the start of insulin therapy in order to achieve more rapid
average blood glucose level within a range as close as
control and because two injections will likely be needed
possible to that of a normal nondiabetic individual. For
eventually.®® Although this regimen may speed the time
this to be achieved, insulinmust be given in a manner that
to optimal control in some patients, it also may increase
duplicates the normal diurnal patterns of insulin in the
the risk of hypoglycemia, especially during the middle of
circulation as it is secreted from
the islets in the
the night in response to the action of the evening dose of
postprandial and basal states. This can be achieved in a
intermediate-acting insulin.
number of ways. Three injections can be given per day
When the second injection is given before supper,
with use of a mixture of intermediate- and short-acting
regular insulin can be added to the intermediate-acting
insulins in the morning before breakfast, with regular
insulin to cover the rise in blood glucose level that
insulin before supper, and intermediate-acting insulin at
follows the evening meal. This commonly used regimen
bedtime (Fig. 27—IB). This regimen is commonly used
(often called a split-mix regimen) will often suffice for
because it is easily evolved from the split-mix regimen. It
standard glucose control (Fig. 27- lA). Twice-daily insu
is especially useful in those diabetic patients who have
lin regimens are commonly used because of their conve
frequent episodes of hypoglycemia in the middle of the
nience and simplicity for the patient. However, these
night and subsequent hyperglycemia in the early morning
advantages often are offset by their lack of flexibility.
With
before breakfast. Its major disadvantage is that the timing
two injections a day, adjustments to changes in diet and
of meals and amounts of food have to be fixed
fairly
activity can sometimes be difficult; the hypoglycemic
rigidly in sequence to the morning insulin dose and that
effect of the intermediate-acting insulin during the course
little flexibility
in diet and activity is allowed if good
of the day mandates scheduling lunch and supper at fairly
glycemic control is to be achieved.
precise times after breakfast and, in many patients, the
Good glycemic control can also be achieved with four
addition of mid-morning and mid-afternoon snacks. The
injections of insulin a day, using regular insulin before
dietary content of each meal, especially of carbohydrate,
each meal and an intermediate-acting insulin at bedtime
must be kept fairly constant in order to avoid hypoglyce
(Fig. 27—IC). This enables patients to vary their meal
mia. Increases or decreases in the amount or timing of
times a bit more; however, extremely long intervals
exercise or physical activity can have adverse effects on
between meals cannot be permitted because the rela
glycemic control. The activity of botii the short-acting
tively short duration of action of regular insulin would
and intermediate-acting components of the regimen also
leave patients without insulin coverage for their basal
necessitate the administration of insulin at approximately
needs during the day. In addition, patients can adjust their
the same time each day. Patients with erratic life-styles
doses of regular insulin to cover variations in the
and changes in routine involving travel or variability in
carbohydrate content of individual meals. As with other
work hours may have problems with good glycemic
intensive insulin regimens, the dose of regular insulin is
control with this regimen.
determined according to an algorithm based on the blood
In many cases, when NPH or lente insulin is given
glucose values before each meal (Table 27-4). Some
before supper, the peak action and duration are too short
patients prefer this regimen because they do not have to
to last through the night, resulting in hypoglycemia in the
mix different types of insulin in the syringe. The prepranmiddle of the night and hyperglycemia in the morning
dial doses of regular insulin can be easily administered
hours. ® In addition, hepatic glucose output in the early
using a pen-type insulin injection system.
morning hours increases in association with an increase
Good glycemic control can also be achieved by using
in the basal insulin requirement, which is thought to be
ultralente insulin instead of anintermediate-acting insulin
caused by pulses of growth hormone secretion during the
to cover basal insulin needs, with regular insulin given
middle of the night. This problem, often called the "dawn
before each meal as well (Fig. 27- ID). The ultralente
phenomenon," results in elevated fasting blood glucose
insulin can be given as a single daily injection. If,
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Table 27-4. Intensive Insulin Therapy Algorithm:
Example of a Four-lnjection-a-Day Regimen*
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Alternoon Evening

Morning

Morning

Afternoon

o
UJ
Uu.

Night

Evening

Night

a

UJ

u.
li.
UJ

REG

REG
CO

REG

3
(/)

1

,NPH/LENTE

L

B

1B

B

Breakfast

REGULAR INSULIN:
0-50
51-100
101-150
151-200
201-250
251-300
301-350
351-400
>400

Lunch

Supper

Premeal regular insulin
3U
4U
5U
6U
6U
7U
7U
8U
8U
9U
9U
10U
10U
11U
11U
12U
12U
13U

doses
3U
5U
6U
7U
8U
9U
10U
11U
12U

Bedtime Snack

0
0
0
0
2U
3U
4U
5U
6U

INTERMEDIATE ACTING INSULIN (NPH or LENTE)
16U
ADJUSTMENTS IN REGULAR INSULIN DOSE FOR EXERCISE
-2U
-2U
-2U
-2U

Morning
AfterMorning noon Evening

THS

MEALS

B

B

IS
HS
MEALS

IS

L

NPH/LENTE

Blood Glucose
(mg/dL)

Alternoon

Evening

Night

Night

O
UJ
u.

*The insulin doses listed here are representative samples of what may be
used to treat an adult with IDDM. Actual insulin requirements, as well
as the gradations of increase in the algorithm, may vary widely from
patient to patient.

u.
UJ

REG

REG

REG

REG

REG
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NPH/LENTE

flexibility
in the timingof meals and in adjusting insulin to
changes in meal pattern that is not seen with the other
regimens.

Goals of Intensive Therapy
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Visualized representation of the peaks of action
L '= lunch; S =
continuous subcutaneous insulin infusion (E). The
^ ° ^ iLulin Arrows show the time of insulin injection or tolus 30 to
supper; HS = bedtime snack; NPH = neutral protamine ^agedom msuh^
^
,3^
Insu in
rr:S£?e;:lKKcts^

DS, Santiago jV, Skyler JS, Rizza RA, eds. Intensive .nsul.n

therapy. Princeton, N]: Excerpta Medica, 1983:23-35).

however, human ultralente insulin is used, it is best to
solit the dose into two injections a day, most often given
before breakfast and before supper. This method is used
to imitate the constant basal delivery of insulin that is best
achieved with an insulin pump. Usually, approximately
one-half of the total daily insulin dose will be given as

ultralente insulin, but this proportion
patient to patient. The regular insuhn
^
patient before each meal, and occasionally before
time, with its dose adjusted
*^27-5)
glucose values monitored by the patient (TJle 27
This regimen offers the patient an increased d gr

In all of these regimens, the fasting blood glucose level
is used as a guide for adjustment of the dose of the
intermediate- or long-acting insulin to be used. Fasting
blood glucose levels should ideally be kept within the
range of 70 to 120 mg/dL for optimal control. To avoid
nocturnal hypoglycemia, patients should check the blood
glucose level at 3 a.m. once a week or so, maintaining this
level above 70 mg/dL. Patients must be willing to check
blood glucose levels a minimum of four times a day—
before each meal and at bedtime. Glucose levels before
meals should generally be within the same range as the
fasting blood glucose levels. In addition, 2-hour postpran
dial blood glucose values should be monitored on a
regular basis, with the goal of maintaining these levels
between 70 and 140 mg/dL. The doses of regular insulin
to be given before meals are usually determined from a
sliding scale according to the patient's blood glucose
levels, as previously illustrated in Tables 27—4 and 27— 5,
and the algorithms are adjusted up and down by trial and
error. Careful adherence to the monitoring schedule with
maintenance of blood glucose records, along with fre
quent communication with the physician and teaching
nurse for review of the glucose results, is essential for
success of intensive insulin therapy. It should be stressed
that for this form of treatment the health-care providers
must spend a great deal of effort and time with the patient
in working out problems and adapting the insulin therapy
to the patient's daily needs.

Continuous Subcutaneous Insulin Infusion
An alternative to multiple daily injections for intensive
insulin therapy is continuous subcutaneous insulin infiision (CSII). For this form of treatment, regular insulin is
contained in a syringe or reservoir of a pump that is worn
externally and the insulin is delivered subcutaneously,
usually to the abdomen, via a plastic catheter. The patient
can program the pump to give insulin automatically in a
basal mode, usually from 0.5 to 2.0 U/hour. With most
currently available pumps, more than one basal rate can
be selected over a 24-hour period to mimic the changes
in basal insulin needs in some individuals. Such a change
is seen most commonly in relation to the dawn phenom
enon, in which higher basal rates are used in the early
morning hours. Insulin can also be given before each
meal or snack as a bolus to cover postprandial insulin
requirements. The doses of these boluses can be adjusted
to the preprandial blood value with use of sliding scales
similar to those used in multiple daily injection regimens.
In fact, CSII regimens (Fig. 27- IE) are similar in concept
to ultralente-regular regimens, with the basal rate of
insulin delivery substituting for the ultralente insulin
dose. In generd, however, the total daily dose of insulin
needed with CSII is less than that necessary with the
various multiple daily injection regimens, perhaps be
cause of improved bioavailability of insulin with pump
therapy.
When a patient starts CSII and is in reasonably good
glycemic control, it is customary to begin with a daily
insulin dose that is approximately 80% of his or her
previous total insulin dose. Initially, approximately onehaff of this dose is given at a single basal rate of infusion,
with the rest of the insulin given as premeal boluses
according to the relative carbohydrate content of the
meals.^° Patients will usually require a relatively larger
bolus of insulin before breakfast than before other meals.

Table 27-5. Intensive Insulin Therapy Algorithm:
Example of a Three-lnjection-a-Day Regimen*
Blood
Glucose
(mg/dL)

Breakfast

Lunch

Supper

REGULAR INSULIN: Premeal regular insulin doses
2U
2U
3U
0-50
4U
4U
5U
51-100
5U
5U
6U
101-150
6U
6U
7U
151-200
7U
7U
8U
201-250
8U
8U
9U
251-300
9U
9U
10U
301-350
10U
10U
11U
351-400
11U
11U
12U
>400
LONG-ACTING INSULIN (ULTRALENTE)
8U

Bedtime Snack

0
0
0
0
2U
3U
4U
5U
6U

8U

ADJUSTMENTS IN REGULAR INSULIN DOSE FOR EXERCISE
-2U
-2U
-2U
-2U
*These are only representative insulin doses, as discussed in Table
27-4.

JOSLIN'S DIABETES

470

The basal insulin doses and boluses will then be adjusted
according to the fasting, preprandial, postprandial, and 3
a.m. blood glucose levels. This is best achieved with an
initial stay in the hospital of 3 to 5 days for adequate
monitoring and insulin adjustment. After the patient is
discharged from the hospital, close contact with the
caregivers is essential, with frequent telephone contact
and outpatient visits to review blood glucose results and
to adjust insulin doses. A health-care provider must be
available at all times to deal with any acute problems that
may arise during the course of pump therapy.
Use of the insulin pump has several advantages over
multiple daily injection regimens. Because regular insulin
is the only insulin used, the absorption of insulin from
subcutaneous tissues is more predictable than with
intermediate- and long-acting insulin. Both the adjust
ment of bolus size before meals and the use of additional
basal rates can help to achieve a pattern of circulating
insulin levels closer to the physiologic range. Hypoglyce
mia may be easier to treat because no subcutaneous
depot of long-acting insulin is present. There is evidence
from some studies, but not all, that episodes of severe
hypoglycemia can be reduced in some patients by
switching from multiple daily injections to CSIl.^' Pa
tients are spared the process of multiple injections and
can be more flexible with their exercise patterns and
eating habits. Patients with erratic schedules and those
who cannot snack at fixed times benefit particularly by
CSII. Nevertheless, although several studies have shown
that CSII is at least as good as multiple daily injections in
helping to achieve normoglycemia, it has been difficult to
show that CSII is better.^^-^'^CSIl carries some risks and
disadvantages to the patienlf that are not encountered
with multiple daily injections XTable 27-6). Because
regular insulin is the only insulin used, interruption of
insulin delivery by pump malfunction, blocked catheter,
leakage from the catheter connections, or displacement
of the subcutaneous connection can result in a rapid rise
in blood glucose levels withketonuria in a matter of a few
hours, and an increase in the incidence of diabetic
ketoacidosis has been documented.^'' Patients are most
often subject to these problems at night during sleep.
Abscesses and cellulitis can occur at the sites of subcuta

Table 27-6.
Regimens

PRINCIPLES OF INSULIN THERAPY

neous needle insertion. Insulin can aggregate in the
catheters, causing decreased bioavailability and catheter
blockage, although this problem has been reduced with
the use of buffered forms of regular insulin.^^ In addition,
many patients find it cumbersome and difficult to adapt
the pump to daily activities such as exercise and sports,
swimming, showering, and sexual intercourse. The pump
others, which may
cannot always be concealed from
present problems for those who do not wish to advertise
that they have diabetes. These reasons, as well as the
substantial cost of equipment and supplies, have limited
pump use at present to a relatively small subgroup of
patients with diabetes.

INSULIN TREATMENT OF
NON-INSULIN-DEPENDENT DIABETES
The preceding sections of this chapter have focused on
the role of different insulin treatment regimens in
achieving good glycemic control by attempting to dupli
cate the physiologic response of the pancreas in supply
ing insulin for the body's normal needs. Although these
approaches to treatment can be applied both to noninsulin-dependent diabetes (NIDDM) and IDDM, they
tend to neglect the role of endogenous insulin secretion
and insulin resistance, features unique to NIDDM.
NIDDM is by far the most common of all the forms of
diabetes. It affects frorti 3 to 6% of the general population,
and an estimated 76% of all insulin-treatedpatients in the
United States have NIDDM.
A number of features of NIDDM make the approach to
treatment with insulin substantially different from that to
IDDM. Of particular importance are the dual abnormali
ties of insulin resistance and insulin deficiency that play
such an important role in the pathogenesis of this disease
(see Chapter 14 on pathogenesis of NIDDM). Much
debate has been raised over the primacy of each of these
processes in NIDDM, but it is clear that insulin resistance
and insulin deficiency may each exacerbate the
other.
The increased demands on the pancreas
imposed by insulin resistance can lead to p-ceU exhaus
tion, and the insulin secretory defect in NIDDM can lead
to insulin resistance through atrophy of insulin-sensitive

Comparison of Continuous Subcutaneous Insulin Injection (CSII) and Multiple Daily Injection (MDI)
MDl

CSII
ADVANTAGES

1. Depot of insulin to prevent hyperglycemia
1. Increased flexibility in adjustment of regimen to changes in diet,
2. No need for catheter and external device
activity
3. Decreased cost
2. No need for injections
3. Improved control over MDI in some patients
4. Possible decrease in risk of severe hypoglycemia
5. Ease of treatment of hypoglycemic episodes
DISADVANTAGES
1 .Variable absorption of longer-acting insulins
1. Cumbersome and inconvenient for some people
2. Need for three or four injections a day
2. Catheter inflammation and infections
3. Decreased flexibility in dosage adjustments
3. Risk for mechanical malfunction
4. Increased incidence of ketoacidosis

metabolic pathways. These processes can work together
to produce hyperglycemia, which has the secondary
affect of worsening the situation through the proposed
mechanism of glucose toxicity. The fiinctional
capacity
of the islets to secrete insulin is further impaired by
prolonged elevations in plasma glucose levels, which also
can exacerbate insulin resistance in insulin target tissues
The result is additional hyperglycemia caused by persis
tent excess hepatic production of glucose and poor
utilization of glucose by the target tissues of insulin.
Hie hyperglycemia of NIDDM is mantfested in two
distinct, but interrelated, processes: the excess hepatic
glucose production is found in die basal state, which
results in elevated fasting plasma glucose levels. The
defect in peripheral glucose utilization together with the
insulin secretory defect result in elevated postprandial
glucose excursions. Aggressive treatment with insulin can
partially reverse these processes. In a significant propor
tion ofpatients with NIDDM—often those who are obese
who have significant residual insulin secretion—lower
ing of fasting plasma glucose levels alone with the
administration of long-acting basal insulin can counteract
insulin resistance and glucose toxicity. This can result in
recovery of insulin secretion and improvement of post
prandial glucose excursions as well.^*^ In many other
patients with NIDDM, however, the addition of shortacting insulin before meals is necessary to return post
prandial glucose levels to normal values.
The relative benefits of insulin and oral hypoglycemic
agents in the treatment of NIDDM have been the subject
of controversy and have been reviewed elsewhere.®' In
studies comparing the effectiveness of conventional
insulin with suffonylureas in the treatment of patients
witii NIDDM for whom dietary treatment has failed, the
two forms of treatment were similarly effective in
improving glycemic control, although insulin was slightly
more effective in some studies. It should be noted,
however, that the suffonylureas were usually used at their
maximal doses in these studies, while the insulin doses
used appeared to be suboptimal for therapy. There was
no difference in the safety of the two forms of therapy.
Insulin treatment was associated with greater weight gain
in most studies but also with an increase in levels of
high-density lipoprotein. The findings
of the University
Group Diabetes Program study, which suggested that
tolbutamide was associated with an increased risk of
cardiovascular-related death,®^ have been questioned and
debated because of problems with the study design, and
have not been confirmed by subsequent studies.®^ A
better understanding of the relative risks of insulin and
oral agents and their effects on the microvascular com
plications of NIDDM will await the findings of the large
multicenter study in the United Kingdom currently in
progress that compares several treatment regimens in
patients with more severe NIDDM.®^
The decision to use insulin or suffonylureas in an
individual with NIDDM is influenced by a number of
factors. An algorithm for the use of insulin based on these
factors is illustrated in Figure 27-2. Clearly, insulin is
more effective than sulfonylureas in those patients with
NIDDM who have ketonuria, weight loss, and/or severe
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hyperglycemic symptoms. Patients in this category
should be started on insulin without going through a trial
of diet or oral agents. Some of these patients may, in fact
have "evolving IDDM." Those under age 40 years who are
underweight are more likely to fit into this category, but
many patients of this type could still be managed with
oral agents. As mentioned earlier, measurement of stim
ulated C-peptide levels has been suggested as a screening
test for candidates for insulin therapy, but its value in
general clinical practice is limited by its expense and the
time needed for results when clinical decisions have to be
made. Older, obese patients with NIDDM do not need to
be treated with insulininitially unless their blood glucose
levels are extremely elevated or ff they are in the midst of
acute illness or undergoing surgery. In these situations,
they can often be treated with insulin temporarily and
switched to another form of therapy once their condition
has stabilized.
Those patients who are not ketonuric and are without
severe hyperglycemic symptoms or significant weight
loss should be started on dietary therapy, ff diet alone is
unsuccessfiil in controlling blood glucose levels, suffonylurea therapy should be started, ff the patient's glucose
levels cannot be controlled with maximal doses of a
suffonylurea agent, insulin treatment should be initiated.
Metformin, another effective oral agent, is currently not
available for use in the United States. Several different
insulin treatment regimens, each with its relative advan
tages and disadvantages, have been advocated specifically
for the treatment of NIDDM. At present, the data available
are not sufficient to indicate which is the best form of
therapy. The most widely advocated approaches are
summarized below.

Intermediate-Acting Insulins
Patients are commonly started with a morning injec
tion of NPH or lente insulin at a dosage of 0.2 to 0.5 U/kg
of body weight. Significantly higher doses may ultimately
be needed in obese individuals. Fasting blood glucose
levels are followed sequentially, and the insulin dose is
increased progressively until fasting glucose values are
optimal or ff presupper hypoglycemia supervenes, ff the
latter occurs, the morning insulin dose is decreased by
20% and a second injection of intermediate-actinginsulin
is given, usually before supper. This dose of the second
injection is increased until the fasting blood glucose level
is brought under control, ff postprandial blood glucose
values are still elevated with this regimen, regular insulin
can be added before breakfast and supper to bring
glucose values under control. This results in the standard
split-mix regimen discussed previously. Premixed prepa
rations of NPH and regular insulin have become more
popular in the treatment of NIDDM. Such preparations
may be useful for some patients who are elderly and have
difficulty mixing insulins.
This regimen can be effective in many patients. Its
principal disadvantage lies in the short duration of action
of intermediate-acting insulins, which can be inadequate
to control fasting blood glucose levels without producing
hypoglycemia at other times. This problem is exacer-
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either a suffonylurea or morning insulin injections to
control this problem.

On««t N1D0M
kttonuria
•nd/or wtlght lot*
•nd/or Mv«r* tymptoms

no k«lonurl«
no w»lght IOM
modortto symptoms

Combined Insulin and Sulfonylurea
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Failura
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decrease dose-

SU drug—^ succesi

INSULIN

1

> 20 units

normal weight
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1
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I
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I

+
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bated with the human insulins, whose duration of action
is shorter than that of their beef and pork counterparts.
For this reason, animal insulins may be preferable to
human insulin as a single morning injection for some
patients.

Ultralente Insulin
Since a principal goal of therapy for NIDDM is to
provide basal insulin to normalize fasting glucose levels,
ultralente insulin has been advocated and used effec
tively, especially in the United Kingdom. This can be
given as a single dose at bedtime or in two equal doses
daily to avoid any peak hypoglycemic effect. Recommen
dations for the initial daily dose have been given based on
the fasting plasma glucose level and patient s weight as a
percentage of ideal body weight,®^ but it is prudent to
start with a daily dose of 0.4 to 0.5 U/kg. Because of the
long haff-lffe of beef or beefpork ultralente insulin, a
loading dose that is two to four times the initial daily dose
can be given on the first day without resulting in any
complications from hypoglycemia.'^ When fasting bloo
glucose levels are optimized, postprandial glucose excur
sions often improve as well. If this does not occur, regular
insulin can be administered before meals, with dosage
adjustments as previously described for multiple-dose
injection regimens, ff regular insulin is to be mixed in the
same syringe as the ultralente insulin, it should be
injected immediately after mixing to avoid blunting the
effect of the regular insulin (see section on mixing
insulins).

Proposed deci
sion flow diagram for treatment
of non-insulin-dependent dia
betes mellitus (NIDDM). Su =
sulfonylurea. Reprinted with
permission from reference 81
(Genuth S. Insulin use in
NIDDM.
Diabetes
Care
1990;28:227-30; copyright ©
of the American Diabetes Asso
ciation).

Fig. 27-2.

failure (primary or secondary)

successful

Delivery of basal insulin with the use of CSII ' as well
as with implantable insulin delivery systems, is currently
under experimental investigation as a treatment tor
NIDDM.®® Very long acting analogues of insulin and
proinsulin with no discernible peak of activity are
currently being tested and may have a fiiture
therapeutic
role in providing a more steady basal insulin level than
that attained with ultralente insulin. Orally administered
insulin preparations, which have a slow rate of release
into the circulation, are also under investigation ^ a
source of background insulin in mild NIDDM, in which
variations in insulin delivery from day to day may be less
of a problem.®^

Bedtime Insulin
A single injection of NPH insulin can be given at
bedtime to decrease the excess hepatic glucose produc
tion overnight and to normalize fasting plasma ^cose
levels. The rationale for this approach is similar to that tor
the above ultralente regimen.It assumes that postprandial
endogenous insulin secretion will improve sufficiently to
control glucose levels during the day once fasting glucose
levels are controlled. In two studies, administration ot
NPH insulin at bedtime resulted in better parameters o
glucose control than those attained with the same dose o
insulin given in the morning.^'^' This regimen has Ae
benefit of simplicity for the patient and of protecting the
patient from
unnecessary exposure to hypoglycemia
during the day. Unfortunately, many patients will develop
hyperglycemia during the day and require the addition ot

Regimens using the two forms of therapy for NIDDM
have been studied for the past 10 years, with controver
sial results.''^ Initially, it was thought that oral agents
could aid in glycemic control by improving tissue
sensitivity to insulin. In fact, oral agents added to insulin
therapy have been found to act by stimulating endoge
nous secretion of insulin.^''^^ Some reports of the effects
of the addition of a suffonylurea to an insulin regimen
have indicated that glucose control may improve to a
small degree and that insulin doses can be reduced.^^'^^
In some cases, however, these benefits have been only
transient, and the improvements in glucose control might
have alternatively been accomplished by improving the
insulin regimen done. Concerns over the possibility that
insulin therapy may increase atherogenesis have led some
to advocate the addition of suffonylureas as a means of
decreasing episodes of hyperinsulinemia, but there is no
evidence of clinical benefit for this at present.®' A recent
meta-analysis of 17 trials indicated that combined insulinsuffonylurea therapy leads to modest improvements in
fasting plasma glucose levels and hemoglobin A, over
insulin therapy alone, especially in obese patients with
high fasting C-peptide levels.^^ However, the routine use
of combined therapy as an initial treatment for NIDDM is
probably not advisable unless it can be proven to be
clearly superior to insulin alone.^®'^^
Combined therapy may be indicated in certain special
situations. If a patient is poorly controlled with large
doses of insulin or requires more than 100 U/day for
adequate control, the addition of a suffonylurea may help
make the insulin regimen more manageable. Suffonyl
ureas may also benefit those obese patients who continue
to gain weight with insulin therapy, with spiraling
increases in insulin requirements that result in further
hyperglycemia and wei^t gain. It is also possible that the
sequential use of bedtime insulin with a short-acting oral
agent such as glipizide before meals will have a role in
therapy, and further investigations of this approach are
warranted. This form of therapy has appeal because of the
ease with which small doses of evening insulin can be
added to a pre-existing regimen with an oral agent.

PRACTICAL ASPECTS OF INSULIN USE
Storage
Commercially available insulin preparations are rela
tively stable at room temperature. Insulin in use can be
kept at room temperature (68 to 75° F) for 6 to 8 weeks
without loss in potency. Extremes in temperature should
be avoided, especially during travel. Vials of insulin
should not be frozen. Unopened vials or cartridges should
be stored in the refrigerator at about 40° F. In situations
when patients are unable to draw up insulin in their
syringes, it is recommended that prefilled syringes be
kept in the refrigerator and used within 3 weeks.

Insulin Injection Technique
Although pen-cartridge devices and prefilled dispos
able syringes have become popular in Europe, the vast
majority of patients in the United States currently
administer their insulin with disposable plastic syringes, tf
the insulin is in suspension, the vial should be rolled
gently upside-down and sideways between the hands
before the syringe is loaded to ensure that the suspension
is unfform. The vial is turned upside-down and air is
injected first from
the syringe in an amount roughly
equaling the space occupied by the amount of insulin to
be withdrawn from the vial. The proper amount of insulin
is then withdrawn downward into the syringe and the air
bubbles are expelled, ff two types of insulin are to be
mixed in a single injection, the appropriate amount of air
is first injected into the vial with insulin in suspension
(e.g., NPH or lente) without withdrawing any insulin
from the vial. Air is then injected into the vial of regular
insulin, and the appropriate dose of regular insulin is then
withdrawn into the syringe. One then returns to the vial
of insulin in suspension to add the appropriate amount of
insulin to the syringe. The insulin should be at room
temperature at the time of injection.
Before the insulin is injected, an appropriate area of
skin is selected and wiped with alcohol. The skin is gently
pinched between the thumb and forefinger; the syringe is
held as one would hold a pencil and the needle is pushed
directly through the skin and into the subcutaneous
tissue at a perpendicular angle. The plunger is pushed all
the way down without drawing back, the pinch is
released, and the needle is withdrawn. In extremely thin
individuals and in some children, it may be necessary to
inject at a 45° angle to avoid intramuscular injection.
Visually impaired individuals who have difficulty load
ing a syringe accurately may benefit from any of a variety
of injection aids available, including magnifying glasses
that fit around the syringe and guides for setting the
proper depth of the plunger. Insulin may be prefilled in
syringes by another individual and kept in the refrigerator
for up to 3 weeks. Some visually impaired individuals who
are unable to load syringes are able to use pen-type
injection devices without difficulty. It is important to
enable each patient to administer his or her own insulin
whenever possible to foster seff-reliance and decrease
dependency on others. The age at which this can
properly be initiated in children varies with the maturity
and motivation of the individual child.
For those patients whose extreme fear of needles
makes it difficult for them to penetrate the skin, springloaded injection aids can be attached to the syringe to
facilitate injection. In practice, however, most patients
overcome these fears with practice, repetition, and
mental conditioning. In those situations when fear of
needles impairs a patient's ability to take insulin, jet
injectors can be used. These devices forcibly inject
insulin under pressure through the skin and into the
subcutaneous tissues without the use of needles. With
these devices, however, the rate of insulin absorption
often increases and the decline in blood glucose levels
are more rapid than for an equal amount of insulin
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administered by syringe.'"" Duration of action of NPH
and regular insulins can be reduced with jet injection,
and insulin doses and times of injection
have to be
adjusted to accommodate these changes. The shortene
duration of action may make jet injection less
patients receiving one or two injections a day. er
conclusive evidence that jet injectors can be used to
improve overall glycemic control over that accomplishe
with syringe injection. The increased cost of these
devices is only partiaUy offset by the savings incurred by
not having to purchase syringes. In addition,
larger
size and the dffficulty of mbcing insulins in them and
verifying dosage have limited their acceptance.

Site of Injection

Rotation of Injection
In the past, it has been customary to have patients
routinely rotate the site of injection to
formation of lipoatrophy and hpohypertrophy^The inci
dence of lipoatrophy has decreased, however, because of
the improved purity of current insuhn preparations.
Because insulin absorption from
different sites is so
different and is so affected by exercise of the extremities,
it is now recommended that patients rotate the^ injec
tion sites within a particular anatomic region rather th^
between regions.'"' Patients should mject within the
same general region at the same time each day but m
different locations in that region (e.g., in the abdomen in
the morning and in the thigh before bedtime). "
cases, the restriction of all injections to the abdomen may
result in an improvement in the consistency of insu 1

The best sites for routine insulin administration areJhe
and glucose profiles.
areas of the body with the most subcutaneous fat which
include the abdomen, buttock, anterior thigh, and dorsal
Adjustments to Exercise and Meals
area of the arm. Injection of insulin into areas with little
Exercise is associated with an increase in the sensitivity
subcutaneous fat may result in intramuscular admmistraof peripheral tissue to insulin and with a decrease in
tion which is painful, associated with more rapid insulm
blood glucose levels in patients treated with insuhn (see
absorption,'"' and can cause tissue scarring. Studies have
Chapter 26). The hypoglycemic effect can
shown that insulin is absorbed faster from the abdomen
during exercise and for as long ^ 12 to 24 hours
than from
the leg or arm, resulting in a more rapid
afterguards (the so-called lag effect).'"^ To avoid h>T,og^yattainment of peak concentrations in the circulation.
cemia, it is necessary to make adjustments to the insulin
However, insulin may be absorbed more rapidly from an
regimen or to the meal plan on days when patients
extremity that is subsequently exercised because ot
exercise. Particular care is required when the exercise is
increased local blood flow.'"^
Thus, intermittent injec
of long duration (more than 2 hours), is of high intensity
tion of an extremity that is sometimes exercised can
and occurs during the peak of action of ^e
th
result in erratic absorption of insulin and ^regular
patient is taking. The dose of the insulm that peaks m its
glucose profiles. It is best, therefore, to avoid injecting
activity during the exercise period canbe
^Le
extremities that undergo strenuous exercise; for exam
little
as
5%
for
exercise
of
low
intensity
and
intermediate
ple long-distance runners might do better to restrict
to long duration and by as much as 30% for exercise of
injections to their abdomen. Other
als° may
high
intensity and long duration. Some pr^ctic^^id^
influence the rate of insulin absorption (Table 27 1 ) .
lines
for these adjustments are given in Table 27 8.
Massage of a local area that has been injected c^ mcre^e
general,
it is easier to make day-to-day changes m doses ot
the rate of insulin absorption, as can increased local sfan
regular insulin than in doses of intermediate- or long_
temperature (in hot baths or very hot weat er, or
acSig insulin. It is helpftil for patients to check blood
example). Maintaining an upright posture for a prolonged
glucose levels routinely before and after e^erc^e to
period has been shown to decrease subcutaneous blood
monitor the effectiveness of these
^
flow to the legs and, to a lesser extent, to the abdominal
Patients also can add an additional carbohydrate s^ck
wall, with a resulting slowing of insulin absorption from
before exercise to avoid hypoglycemia, while Iteming
those areas. Smoking also is associated with reduced
their insulin dose the same. The amount of carbohydrate
insulin absorption.
to be added can range between 10 g for exercise of short
duration to as much as 50 g for high-mtensity exercise o
long duration, with addition of protein as wel.
Table 27-7. Factors Affecting insulin Bioavailability
though patients usually are taught to keep their
intake of carbohydrate from
meds
1. Type of insulin
from
day
to
day,
with
careftil
adherence to their me^
2. Insulin species
3. Insulin concentration and dose injected
plans, it is inevitable that the amount of
4. Depth of injection and injection technique
occasionally will vary. Patients taking re^lar msulin
5. Location of injection
before a meal can be taught to 'compensate for^ej
6. Exercise
changes by decreasing or increasing the dose. I" g^ner^^
7. Ambient temperature
most patients can add an additional unit of '"S"! "^
8. Local blood flow
9. Alterations in hepatic and renal function
a meal for every additional 10 g of carbohydrate con
10. Insulin antibodies
sumed. This amount may vary from patient to patient
11. Insulin receptor defects
, .
,
,
however,
and dose adjustments to meals often are
12 Subcutaneous insulin degradation (very rare, if it exists)
13'. Unexplained daily variation in the same individual

decided by trial and error.

Table 27-8.

Guidelines for Adjusting Insulin Dose to Exercise

Percentage to
Decrease Peaking
Insulin

Intensity of
Exercise^

Duration of
Exercise*

0%
5%
10%
20%
20%
30%

Low, moderate, or high intensity
Low intensity
Moderate intensity
Moderate intensity
High intensity
High intensity

Short duration
Intermediate to long duration
Intermediate duration
Long duration
Intermediate duration
Long duration

*The specific insulin dose to be adjusted is that with its peak of action during the time of exercise.
••^Low intensity = walking, golfing, or leisure cycling; moderate intensity = tennis, swimming, jogging, cycling, low-impact aerobics; high Intensity
= football, hockey, racquetball, basketball; strenuous running, cycling, or swimming; or intermediate or advanced aerobics.
*Short duration = <30 minutes; intermediate duration = 30 to 60 minutes; long duration = >60 minutes.

Blood Glucose Monitoring
The ability of patients to monitor their own blood
glucose levels has had a major impact on the therapy for
diabetes. With seff-monitoring, patients can evaluate their
goals of therapy and change their regimens as their needs
for insulin change. Written records of blood glucose
results should be kept by the patient and brought in for
evaluation by the physician. Records of seff-monitoring, ff
they are done accurately, can be important aids for the
physician in adjusting the insulin regimen to accommo
date the fluctuation
in blood glucose levels during the
course of the day. Many of the currently available glucose
meters have memories that allow the patient or health
care provider to recover individual glucose measure
ments, with the time and date of the reading. Because of
the improved accuracy and reliability of meter readings,
the patient should be encouraged to use a meter rather
than to estimate visually the color on test strips. The use
of meters that are simpler to use and include fewer steps,
such as those that eliminate the need for wiping or
blotting of the blood, reduces the introduction of
patient-induced errors into the monitoring process and is
thus preferable.
Having patients monitor blood glucose levels is of
value only ff the patients are motivated to perform the
tests regularly and accurately. Poor training in glucose
monitoring and lack of education can impair the useftilness of the testing, studies having shown that technical
errors in testing can be responsible for a large variation in
the accuracy of the results obtained. The competence of
the patient in blood testing should be directly evaluated
by the health-care provider. Glucose testing is of little use
ff the patient performs it only intermittently and does not
make use of the results. In addition, insisting that the
patient perform the test extremely frequently—beyond
his or her ability to be motivated and to comply—is also
ftitile. It is not uncommon for patients in this situation to
consistently "forget" to bring in their test results to their
physician or to produce neatly annotated monitoring
sheets that turn out to be extensive fabrications that bear
no relationship to the patients' glycohemoglobin levels.
Studies have shown that the use of blood glucose
monitoring alone does not bring about an improvement

in blood glucose control in patients on standard treat
ment regimens.'"'
The frequency
of glucose monitoring should be tai
lored to the individual patient's needs and level of
education and motivation. Patients with standard insulin
treatment regimens, (one or two injections per day) may
do well monitoring once or twice a day, measuring the
fasting blood glucose level as well as the glucose level at
the time of peak effect of their dose of intermediateacting insulin. More frequent
glucose monitoring can be
performed intermittently at scheduled intervals and
before visits to the physician as a way of better defining
daily blood glucose profiles. This is often called "block
testing." In patients with intensive insulin regimens,
seff-monitoring of glucose is generally performed at least
four times a day—before each meal and at bedtime, with
additional testing done periodically at 3 a.m. to look for
nighttime hypoglycemia and 2 hours postprandially at
regular intervals to evaluate glucose excursions after
meals.

Urine Testing
Testing urine for glucose has largely been supplanted
by blood glucose monitoring in a significant proportion of
patients with diabetes. Patients with elevated blood
glucose levels and a high renal threshold for glucose will
often have glucose in their urine in undetectable concen
trations. Also, urine testing cannot detect or verify
hypoglycemia. The principal advantages of urine testing
are its simplicity and low cost. It is still useful for patients
with limited goals for glycemic control and for those
unwilling or unable to perform blood glucose monitor
ing. Urine testing done well is more valuable to the care
of the patient than is blood testing donepoorly. However,
there is little need for patients who are performing blood
glucose monitoring satisfactorily to check their urine for
glucose as well.
Urine testing for ketones should continue to be
performed in patients whose blood glucose levels are
consistently above 240 mg/dL and in patients with acute
illness and symptomatic hyperglycemia. It is important
that such testing not be neglected in patients who no
longer test their urine for the presence of glucose.
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Use of Glycosylated Hemoglobin Measurements

Periodic measurement of glycosylated hemoglobin is
an important aid to the physician in the care of insulintreated patients with diabetes. Hemoglobin A is nonenzymatically glycosylated in the circulation, and the level of
glycosylated hemoglobin in the blood has been shown to
correlate directly with the mean blood glucose level over
the 2 to 3 months preceding the measurement. The
results are an accurate measure of overall blood glucose
control'"^—more useful for this purpose than random or
fasting blood glucose values. Levels of glycosylated
hemoglobin can be used for assessing the accuracy of
self-monitoring of blood glucose. Changes in levels of
glycosylated hemoglobin, along with the health-care
provider's assessment of the significance of the level,
should be regularly reported to the patient. The sharing
of such information is often apowerful behavioral tool for
motivating patients to improve compliance and glycemic
control.

Mixing Insulins
During the past few years, the increasing use of
mixtures of regular insulin with longer-acting insulins in
intensive therapy regimens has prompted investigations
into the clinical effects of mixing different types of
insulin. Some rules and guidelines for the mixing of
insulins that have been established are summarized in
Table 27-9. It should be noted that these rules may apply
only to U-100 insulins and those types available in the
United States. Studies have shown that dffferent rules may
apply to U-40 mixtures, and concentrations of protamine
may be different in NPH preparations available in other
countries.
Currently, in mixtures of NPH and regular insulin, the
regular insulin retains its potency in a stable fashion for
prolonged periods.'"^ This is true for human insulins as
well as for animal insulins. Unlike in the past, all the
preparations of NPH insulin currently available from the
major pharmaceutical companies have similar levels of
protamine and do not contain excess protamine that
might bind to the added regular insulin.'"® Mixtures of
NPH and regular insulin at any of the ratios needed for
clinical purposes can be used without resulting in any
clinical difference in glycemic effect compared with that

Table 27-9.

Guidelines for Mixing Insulins

1. NPH insulin may be mixed with regular insulin without difficulty
2. Mixtures of NPH and regular insulin in prefilled syringes can be
stored under refrigeration for up to 21 days
3. Lente series insulins may be mixed with each other
4. When lente series insulins are mixed with regular insulin, the insulin
should be injected immediately after mixing in the syringe
5. Acetate-buffered insulins should not be mixed with
phosphate-buffered insulins
6. PZI insulin should not be mixed with regular insulin
7. Insulins of different species can be mixed, but this is to be avoided if
possible
NPH = neutral protamine Hagedorn insulin; PZI = protamine zinc
insulin.

produced by separate injection of each of the msulins.
Syringes can be prefilled with these mixtures and stored
in the refrigerator for as long as 21 days for later use.'"^
Commercially available mixtures of NPH and regular
insulin in a 70 to 30% ratio, as well as in a 50 to 50%
ratio, are currently available in the United States. Their
clinical utility is best seen in patients with Type II
diabetes who would benefit from simplified regimens that
do not require them to mix insulins in the syringe. The
ratios of NPH to regular insulin needed by most patients
with Type I diabetes are too variable and subject to
change to be accommodated by a single fixed ratio. In
Europe, a wider variety of mixtures (NPH/regular) are
currently available, including 90/10, 80/20, and 60/40,
and these may be available for use in North America in
the near future.
The clinical effects of using mixtures of regular insulin
and lente are much more problematic. The lente series of
insulins contain excess zinc, which tends to bind to
added regular insulin and to cause it to precipitate out of
solution. With beef-pork insulin, this process starts 15
minutes after mixing and progresses for up to 24
hours'"®; with human insulins, it occurs even more
rapidly."" The effect is even more pronounced when the
ratio of lente insulin to regular insulin is high. The
binding of regular insulin by the zinc has been shown to
be associated with a blunting of the increase in levels of
circulating insulin after injection, but it is unclear
whether this has any significance in the practical clinical
situation. Given these findings,
patients should be in
structed to inject their insulin immediately after mixing
the two types in the syringe and to keep their procedures
for injection standardized. Similarly, mixing human regu
lar and ultralente insulins is also associated with a
blunting of the effect of the regular insulin.'" Because of
these problems, the mixing of lente series insulins with
regular insulin is not generally recommended'"'; never
theless, these insulins are commonly mixed together in
intensive insulin regimens without undue effect in most
patients.
Different insulins of the lente series can be mixed
together without any problems. Phosphate-buffered insu
lins such as NPH and PZI, as well as buffered regular
insulins (Humulin BR or Velosulin), are incompatible
with lente series insulins because the phosphate precip
itates the zinc from
the suspension and allows more
insulin to go into solution. The excess protamine in PZI
insulin willbind addedregular insulin in an unpredictable
manner. Human insulin can be mixed with other species
of insulins, but this rarely is necessary in clinical practice.

COMPLICATIONS OF INSULIN THERAPY
Hypoglycemia
By far the most frequently encountered problem in
patients treated with insulin for diabetes is hypoglycemia.
Virtually all insulin-treated patients develop hypoglyce
mia at one time or another and are constantly anticipating
this problem and dealing with its consequences. Hypo
glycemia is involved either primarily or secondarily as a
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cause of death in 4 to 7% of patients with IDDM."^
Severe hypoglycemia with loss of consciousness can have
a profound effect on a patient, both physically and
psychologically, and fear of developing hypo^ycemia can
play a great role in his or her behavior and approach to
insulin administration. Severe hypoglycemia can cause
brain damage and death, and the danger of hypoglycemia
to the patient and others ff it occurs during driving or the
operation of machinery is considerable. A complete
discussion of hypoglycemia can be found in Chapter 55.
This chapter will focus on those aspects of hypo^ycemia
as they apply to insulin therapy.
Most patients experience some symptoms of hypogly
cemia when their plasma glucose levels decrease to 50
mg/dL or less (blood glucose levels less than 45 mg/dL).
As plasma glucose values decrease further, mentation may
become impaired, although the degree to which this is
clinically evident to others is quite variable.'" Some
individuals can be seemingly alert and conversant when
their blood glucose levels are 20 mg/dL or less, although
testing of cognitive function would show evidence of
impairment. Others would be comatose ff their blood
glucose level was this low. As the blood glucose level
falls, most patients experience adrenergic warning signs
of hypoglycemia before they develop neuroglycopenic
symptoms related to impairment of central nervous
system functioning. The responses of the autonomic
nervous system to a drop in blood glucose level result in
anxiety, palpitations, diaphoresis, hunger, and tremulousness. Although it used to be thought that these symptoms
were related to the rapidity of the fall of blood glucose
level, this has since been found not to be true; the set
point triggering adrenergic symptoms is usually that
glucose level that triggers secretion of the counterregu
latory hormones (60 to 65 mg/dL).' Nevertheless, these
symptoms can be masked or unapparent when the blood
glucose level decreases slowly and steadily, as can be
seen in patients with insulinomas. Subsequently, the
patient will develop clinical signs and symptoms of the
effect of hypoglycemia on brain fiinction"'; these in
clude headache, paresthesias of the tongue or lips,
blurred vision, unsteady gait, impaired mentation, confu
sion, focal neurologic signs, seizures, and coma.
In most cases patients receiving insulin develop hypo
glycemia because of a mismatch between the timing of
insulin, meals, and exercise. Any of the insulin regimens
previously discussed must take this into account. In
creased intensity or frequency
of exercise can cause
hypoglycemia, as can omissions of meals or decreased
daily caloric intake. Weight loss can cause hypoglycemia
by increasing insulin sensitivity and lowering daily insulin
requirements. Several clinical conditions can predispose
a patient receiving insulin to hypoglycemia, including
adrenal or pituitary deficiency, liver disease, renal insuf
ficiency, use of alcohol, and drugs that cause p-adrenergic
blockade. A careftil history is important in assessing the
possible causes of hypoglycemia in a patient with previ
ously stable glycemic control with insulin.
The counterregulatory hormones glucagon and epi
nephrine have been shown to be of primary importance
in the response to insulin-induced hypoglycemia."^ ff
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glucagon secretion is blocked, augmented epinephrine
secretion can compensate to cause a rise in blood glucose
level. Similarly, when epinephrine is blocked, glucagon
release alone can provide for a recovery of blood glucose.
When the response of both hormones is inadequate,
however, hypoglycemia can become more severe and
persist. This is of clinical importance because patients
with diabetes progressively lose their counterregulatory
hormone responses to hypoglycemia. The first hormone
response that is lost is that of glucagon. After 5 years of
IDDM, almost all patients have an impaired glucagon
response to hypoglycemia. This is a selective deficiency,
because glucagon secretion in response to amino acids
and other secretogogues remains intact."^ The problem
is also seen in patients with NIDDM treated with insulin,
but with decreased frequency. The cause of the deficient
glucagon response is not known, and it is not reversible
with improved glycemic control. The result of glucagon
deficiency is to limit hepatic glucose production in
response to hypoglycemia and to make the counterregu
latory response of epinephrine more critical.

Hypoglycemia Unawareness
A common problem seen in patients with diabetes is
the development of hypoglycemia unawareness or an
inability to perceive the warning signs of hypoglycemia.
This occurs more commonly in patients with diabetes of
long duration and in patients with an increased frequency
of hypoglycemic episodes. Counterregulatory responses
of norepinephrine, epinephrine, and glucagon are im
paired, resulting in hypoglycemic episodes that can be
more severe and prolonged than they would be other
wise. Epinephrine secretion in response to hypoglycemia
begins to be diminished after 5 to 10 years of IDDM, and
this significantly impairs counterregulation in the absence
of glucagon."' The prevalence of deficient epinephrine
secretion in patients with long-standing diabetes may be
as high as 40%. The deficiency can be attributed in large
part to autonomic neuropathy and is often associated
with other autonomic symptoms. Defects in glucose
counterregulation can be diagnosed with insulin-infusion
tests,"® but these are rarely used in routine clinical
practice.
As discussed earlier, hypoglycemia unawareness is seen
with increased frequency
in patients on intensive insulin
therapy regimens, and this unawareness is associated
with an increased incidence of severe episodes of
hypoglycemia.^^ This problem can be reversed, and
counterregulatory responses often are regained when
intensive therapy is discontinued. In those patients who
develop this problem, it is best to avoid extremely tight
glycemic control because of the risks of severe hypo^ycemia."^ This is best achieved by raising target blood
glucose levels—e.g., from less than 120 mg/dL to less
than 150 mg/dL.

Nocturnal Hypoglycemia: Somogyi Effect, Waning
Insulin, and the Dawn Phenomenon
Frequently, hyperglycemia develops after an episode of
insulin-induced hypoglycemia. Most commonly, this oc
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curs overnight, when fasting blood glucose levels tend to
be high, and worsen after the preceding nighttime insulin
dose is increased. This problem was described by
Somogyi in 1938, who hypothesized that hypoglycemia
activates the process of glycogenolysis in the liver,
leading to release of an excess of glucose into the
circulation, resulting in hyperglycemia.
Blood glucose
determinations were not done at that time. It was found
that morning glycosuria with ketonuria could be successftilly treated in some patients by decreasing, rather than
increasing, the evening insulin dose. The existence of this
phenomenon has been confirmed in a number of stud
ies.It is thought to be mediated by increases in the
levels of circulating counterregulatory hormones in
response to the transient hypoglycemia that may occur
during sleep without the patient's experiencing any
symptoms. This problem did not occur in patients with
hypopituitarism.'^'"'^^ P-Adrenergic blockade could
ameliorate the hyperglycemic response but not the initial
hypoglycemia.'^'
More recently, however, it has been recognized that
counterregulatory hormone responses are not the only
cause of hyperglycemia following hypoglycemia. The
waning effect of the insulin dose given the previous
evening can also be an important factor.In patients
given a dose of intermediate-acting insulinin the evening,
the duration of effect of the insulin may result in a peak of
hypoglycemic activity in the middle of the night and in a
relative lack of circulating insulin in the early waking
hours.'^^ '^® In this situation, insulin deficiency, rather
than excessive counterregulatory responses, may be
implicated in the resulting hyperglycemia. The relative
importance of the waning effect of insulin and the
Somogyi phenomenon in morning hyperglycemia has
been a recurring subject of debate because of the
different implications for therapy. In one case, the
evening dose of insulin should be increased or delayed,
and in the other, it should be decreased.
A third process, the so-called dawn phenomenon, is
also involved in the pathogenesis of morning hyperglyce
mia.'^^ In normal subjects, as well as in patients with
diabetes, glucose production by the liver is increased and
sensitivity to the action of insulin is decreased in the early
morning hours from 4 a.m. to 8 a.m. Thus, higher levels of
insulin are required to maintain euglycemia in the early
morning hours, as seen in studies of intravenous insulin
infusion.'^' The dawn phenomenon has been shown to
be caused by nocturnal surges in secretion of growth
hormone, which result in a subsequent, transient insulin
resistance."" These surges are physiologic and are not
caused by counterregulatory responses to hypoglycemia.
In diabetic patients treated with insulin infusion pumps,
the basal rate of infusion during the early morning hours
is often increased by as much as one-third to deal with
this problem. In patients treated with injections, the peak
effect of the preceding insulin dose should be timed to
coincide with this period of increased insulin require
ment. In practical terms, it may often be necessary to use
an intermediate-acting insulin late at bedtime rather than
ultralente insulin in the evening, because the "peakless"
absorption of ultralente insulin through the night may not

fully coincide with the increased physiologic require
ment for insulin in the early morning hours.

Treatment of Hypoglycemia
Hypoglycemic episodes can usually be treated successfiilly
by ingestion of rapidly absorbed carbohydrate
containing 20 g of glucose in the form of sugar, honey,
candy, fruit juice, or a soft drink."' Remediation is best
accomplished ff the principal sugar is glucose—not
fructose or sucrose. For this purpose, glucose tablets are
particularly useful because of their portability and accu
racy of dosage in acute conditions. Glucose gel prepara
tions are also helpfiil and can be placed in the pouch
between the cheek and gums to eliminate the danger of
aspiration inpatients who are stuporous or have difficulty
swallowing. Glucagon, available in kits of 1-mg doses,
should be given subcutaneously or intramuscularly by
companions or family members when patients are coma
tose or unable to swallow, ff these remedies are not
immediately successful, intravenous administration of
glucose is necessary.
Patients should be carefiilly instructed in how to
recognize the warning signs and symptoms of hypoglyce
mia and should be well educated about the proper
methods of treatment. They should always have the
appropriate amount of oral carbohydrate available, wher
ever ^ey are, especially in potentially dangerous situa
tions such as while driving a car. Training of family
members and companions in the recognition and treat
ment of hypoglycemia is important in dealing with
situations involving changes in mental status. Patients
should be instructed to carry identification in their
wallets identifying them as insulin-dependent and should
wear an identification tag or bracelet at all times.
After a severe hypoglycemic episode occurs, it is
important for the patient and the physician to try to
identify and analyze the principal factors responsible for
the event. Commonly, a meal or snack was delayed, the
exercise or activity pattern was changed, or the timing or
dose of insulin was changed. If no obvious explanation
can be identified, the daily dosage of the insulin active at
the time of the event should be reduced by at least 2
units, and the patient should be followed-up closely and
perform frequent glucose monitoring. Patients can be
given dosage adjustment guidelines for these situations,
but these guidelines should not be used as a substitute for
communication between patient and physician.

Brittle Diabetes
For most patients with diabetes, an insulin treatment
regimen can be devised that provides relatively stable
control of blood glucose values. A small subgroup of
patients, however, experience extremely erratic patterns
of glycemic control, with large fluctuations in glucose
levels for no obvious reason. These patients are usually
said to have "brittle" diabetes, although the exact
meaning of the term is frequently debated."^'"' These
patients either have marked and often incapacitating
excursions of blood glucose levels on a daily basis or have
frequent decompensations in their glycemic control.
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often with recurrent ketoacidosis or hypoglycemia that
significantly interferes with their Iffestyle. Of particular
concern is the apparent randomness of the blood glucose
excursions, which do not appear to show any obvious
diurnal pattern or predictable response to changes in diet
or exercise.
The problem is heterogenous, with a number of causes
(Table 27-10). Some patients may have insulin resis
tance with high titers of circulating insulin antibodies,
causing abnormalities in the kinetics of insulin action."^
This, however, is relatively uncommon and has become
increasingly rare with the introduction of human and
purified insulins. An extremely rare syndrome of subcu
taneous insulin resistance has been described that in
volves local degradation of injected insulin by pro
teases,"' but it is not clear whether this syndrome has
been adequately documented."^ The genetic and ac
quired syndromes of insulin resistance and acanthosis
nigricans, manffested by defects in insulin action at the
cellular level or by the presence of circulating antibodies
to the insulin receptor, can also be associated with erratic
fluctuations in glucose levels."^ The Somogyi phenome
non, as well as the defects in glucose counterregulation
previously discussed, can often be overlooked as causes
of erratic glycemic control. Gastroparesis diabeticorum
can lead to erratic absorption of nutrients from
the
gastrointestinal tract, making it extremely difficult to
coordinate insulin administration with meals. Chronic
undiagnosed infections and underlying hormonal disor
ders such as adrenal insufficiency or pheochromocytoma
can have adverse effects on glycemic control. Poor
injection technique and/or confusion by the patient with

Table 27-10.

Causes of Brittle Diabetes

1. Abnormalities in glucose counterregulation
a. Somogyi effect
b. Dawn phenomenon
c. Hypoglycemia unawareness
2. Hormonal disorders
a. Adrenal insufficiency
b. Pituitiary insufficiency
c. Isolated growth hormone deficiency
d. Acromegaly

e. Glucocorticoid excess
f. Thyroid hormone excess or deficiency

g. Pheochromocytoma
3. Disorders of insulin pharmacokinetics
a. Insulin antibodies
b. Renal insufficiency
c. Liver disease and cirrhosis
d. Insulin-receptor disorders
e. Subcutaneous insulin resistance
4. Gastrointestinal disease
a. Gastroparesis diabeticorum
b. Malabsorption syndromes
5. Systemic illness
6. Psychological disorders
a. Factitious disease
b. Insulin manipulation
c. Bulemia and eating disorders
d. Cognitive and language-processing disorders
e. Depression
f. Alcohol and drug abuse
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regard to times and dosages of insulin often are impli
cated in patients diagnosed as "brittle." Of particular
importance are psychosocial problems that lead to
factitious disease (surreptitious administration of insulin
by the patient, with no obvious motive or gain by the
patient)."® Manipulative behavior is also frequent,
par
ticularly in adolescents and young adults,"^ and poor
glycemic control is often associated with eating disor
ders.'^"'^' Patients concerned about weight gain in
relation to insulin therapy discover they can use poor
glycemic control as a means of losing weight or prevent
ing weight gain. Alcohol and drug abuse also are causes of
apparent "brittle" diabetes. In one recent study of 30
patients with this diagnosis, factitious disease and insulin
manipulation were found to cause the problem in more
than haff the cases and cognitive and language deficits
were present in another seven cases."'
Brittle diabetes is best managed with a sequential
approach. A detailed, careftil history and physical exami
nation must be taken by a physician who is familiar with
this problem so that complicating medical problems can
be identified and screened. Prior hospitalizations should
be carefully reviewed. It should be carefiiUy determined
that the apparent brittle control is not the result of an
inappropriate treatment regimen or failure or inability of
the patient to follow an appropriate regimen. Dietary
issues must be carefiilly evaluated, and the patient should
be taught home blood glucose monitoring and placed on
a regimen that includes consistent exercise and a meal
schedule the patient is judged to be capable of following.
If these measures are unsuccessful for no apparent reason,
the patient should be hospitalized for fiirther evaluation.
At that time, blood can be sampled frequently,
with
measurements of blood glucose levels before and after
meals and through the night to look for nocturnal
hypoglycemia or the dawn phenomenon. Inpatient edu
cation on insulin administration and diet can be instituted
and the patient's activities evaluated and supervised.
Insulin injections should be performed by the nursing
staff, and access to insulin by the patient should be
restricted, ff metabolic control does not improve at this
point, a detailed medical evaluation is initiated, with tests
of adrenal, pituitary, thyroid, and renal ftinction.
A
gastric-emptying scan and tests of autonomic neurologic
flinctioning can be performed ff deemed appropriate to
the situation. When immunologic insulin resistance is
suspected, circulating levels of free insulin and titers of
antibodies to insulin can be measured. Some clinicians
recommend testing with both an intravenous and a
subcutaneous insulin challenge as an initial part of the
evaluation,"' but this has not been necessary at our
institution. A search for occult infection, inflammatory
disease, or surreptitious drug use may be initiated as well.
Of prime importance is a careful psychological evaluation
by a trained professional familiar with these problems to
search for learning disorders, depression, eating disor
ders, or possible causes of manipulative behavior.
Once the underlying cause of the brittle diabetes is
determined, steps can be taken to correct the problem.
There is no single specific approach. Underlying hor
monal and systemic disorders can be treated, and insulin

480

JOSLIN'S DIABETES

and dietary regimens can be modified. Frequent blood
glucose monitoring by the patient and food records may
be helpful in understanding the problem. Regimens of
multiple daily injections using primarily regular insulin
have been advocated for some patients with unpredict
able responses to intermediate and long-acting insulins.
CSII has been reported to be of help to patients already
receiving multiple daily infections who have severe
hypoglycemic episodes/but CSII also is subject to
abuse by depressed or manipulative patients. Invasive
procedures, such as intravenous and intraperitoneal
delivery systems, are as of yet unproven treatments for
this problem and should be used only on an experimental
basis. Behavioral modification and psychotherapy may be
of help in treating some of the underlying psychological
disorders, and close follow-up and open communication
are important for success.

Insulin Edema
Patients who have had poor glycemic control in the
past sometimes develop peripheral edema when their
blood glucose levels are rapidly brought under con
trol.This is most commonly seen in patients with
newly diagnosed diabetes and extreme hyperglycemia
when they start insulin therapy or in patients with
long-standing chronic hyperglycemia who have started
a more intensive insulin regimen. The edema may be
present in local areas only, such as the feet and ankles,
but also may be manifested as generalized anasarca
with facial and periorbital swelling. Congestive heart
failure has also been reported.'^' More commonly, a
transient weight gain is seen that may be unaccompa
nied by any overt physical findings. Patients who have
been treated for diabetic ketoacidosis and hyperosmo
lar coma often experience transient signs and symp
toms of fluid overload. These are usually attributed to
overly aggressive use of intravenous fluids but may be a
manifestation of insulin edema. The edema and fluid
retention are usually self-limited and will resolve after
several days unless there is underlying cardiac or renal
disease. In rare situations, a diuretic can be used
temporarily to relieve the symptoms.
Several different mechanisms have been proposed to
explain insulin-induced edema. Poorly controlled diabe
tes is associated with chronic volume depletion, which is
corrected by the administration of insulin. Also, levels of
circulating antidiuretic hormone are increased in situa
tions of chronic hyperglycemia and poor control; this
may lead to fluid
retention and inability to excrete a
water load during volume repletion. Insulin may act
directly on the kidney to cause it to reduce excretion of
sodium and t o increase retention o f free w a t e r . P o o r
glycemic control also is associated with high levels of
circulating glucagon, which inhibit the effect of circulat
ing aldosterone. When glucagon levels decrease after
correction of hyperglycemia, fluid retention can occur.
This development is the mirror image of the effect of
fasting and low-carbohydrate diets, which cause natriuresis and fluid loss. In addition, chronic hyperglycemia has
been shown to be associated with an increase in capillary

permeability, which may contribute to peripheral edema
with volume repletion.

Lipoatrophy
Injection of insulin can sometimes lead to a localized
loss or to the absence of subcutaneous fat in the areas of
chronic injection. This problem used be encountered
frequently
but has decreased in incidence with the
advent of more purified insulins. Lipoatrophy is more
common in young children and female patients and tends
to occur in the first 6 months following the initiation of
insulin therapy. The problem is primarily cosmetic and is
not associated with systemic or metabolic problems
other than insulin allergy. Most likely, the cause of
lipoatrophy is a local immunologic reaction to impurities
in the insulin.'^® Immune complexes have been found in
biopsy specimens of lipoatrophic tissue.
At present, the principal treatment of lipoatrophy is to
switch the patient to a more purified type of insulin and
to change from beef insulin to human or pork insulin.'^ ff
the affected sites are left alone, adipose tissue tends to be
restored gradually over a few years. It has been found that
this process can be accelerated ff purified insulin is
chronically injected into the areas immediately surround
ing the sites of lipoatrophy.

Lipohypertrophy
Increased swelling of the subcutaneous fat also can
occur at a localized site of repeated insulin injections.
These areas tend to be associated with decreased sensi
tivity to pain and are therefore overused for injection.
Occasionally, masses of fibrous tissue develop at the sites.
Absorption of insulin from areas of lipohypertrophy may
be retarded, leading to erratic glycemic control. Lipohy
pertrophy probably is the direct effect of insulin on local
tissue lipogenesis'^^ and not related to immunogenicity.
The problem is treated by the injection of insulin at
alternative sites and regular rotation of the sites. With this
approach, the areas of lipohypertrophy usually will
regress gradually.

insulin Antibodies
It has long been known that insulin acts as an antigen,
and antibodies specifically directed to insulin appear in
the circulation in all patients treated with insulin. Indeed,
it was the characterization of these antibodies by Berson
and Yalow in 1956 that led to the development of the
radioimmunoassay for insulin and other hormones.
More recently, some patients with Type Idiabetes were
found to develop antibodies to insulin before being
treated with insulin, and, indeed, before developing overt
clinical diabetes.'^' Presumably, endogenous insulin may
develop some antigenic properties as part of the autoim
mune pathogenesis of Type I diabetes.
A number of factors can affect the development of
antibodies to insulin. Insulin purity is one. The insulin
preparations currently available are associated with lower
titers of circulating antibodies than are insulin prepara
tions that are not chromatographed in the preparatory
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process.^' Insulin species may be a factor as well. Use of
beef insulin is associated with higher antibody titers than
is use of pork or human insulin.''^ Titers of antibody to
human insulin tend to be lower than those to purified
pork insulin.'^ Stopping and starting insulin therapy is
associated with increased antibody formation through an
anamnestic response. There is also one report claiming
that intensive insulin regimens may be associated with
increased immunogenicity.Genetic factors also may
play a role in the development of antibodies to insulin.
Certain HLA phenotypes are associated with decreased
antibody formation, while others are associated with
increased levels.^' Patients with Type II diabetes treated
with insulin, who have some endogenous insulin secre
tion, have a decreased immune response to pork and
human insulins (but not to mixed beefpork insulin)
compared with that of patients who are completely
insulin-deficient.
The presence of circulating antibodies to insulin can
affect the absorption profile and bioavailability of injected
insulin. IgG antibodies to insulin can bind to insulin after
it enters the circulation following subcutaneous injec
tion, thus decreasing the amount of free insulin available
for binding to the insulin receptors of target tissues. This
can cause a delay in the time to peak biologic activity of
the insulin after injection and to a more prolonged
duration of action. In patients with high antibody titers,
less than 1% of circulating insulin remains unbound to
antibodies. The bound insulin can provide a reservoir of
circulating insulin with a prolonged capacity to lower
blood glucose levels. In consequence, insulin that is not
being absorbed subcutaneously can be released from
circulating antibodies to produce hypoglycemia at inap
propriate times."'
The specific clinical effects of the presence of antibod
ies to insulin on the control of blood glucose levels is a
subject of controversy and in need of further study. It has
been suggested that high levels of antibodies to insulin
can adversely affect endogenous insulin secretion,"^ but
this has not been proven.'^ The binding of endogenous
insulin to antibodies may result in a worsening of overall
glycemic control because of decreased bioavaUability at
appropriate times, as well as increased availability at
inappropriate times, especiaUy if the postprandial effect
of secreted insulin is attenuated."'"^ Alternatively,
insulin antibodies may act as a buffer of levels of free
insulin, preventing large variability and lability of the
levels of insulin as it is released from the subcutaneous
depot.
High titers of antibodies to insulin have been
associated with insulin resistance, as is discussed later in
this chapter.
It has been suggested that insulin antibodies might play
a role in the pathogenesis of the long-term complications
of diabetes because of the finding of insulin immune
complexes in experimental models of nephropathy and
retinopathy in animals."® "^ High antibody titers have
also been found to correlate with severe complications in
patients with diabetes.'^" Insulin-antibody complexes
have been shown to stimulate procoagulant activity,
which may pl^ a role in the pathogenesis of largevessel disease.' ' However, a direct causal link between
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antibodies and complications has not yet been demon
strated. In pregnant women with diabetes, IgG anti
bodies to insulin can cross the placenta and enter the
fetal circulation; they also may facilitate the transfer of
insulin from the maternal to the fetal circulation.'^^ A
role of these antibodies on the development of fetal
macrosomia has been postulated,but any possible
effects of insulin antibodies on fetal complications is as of
yet speculative."^'

Insulin Allergy
Allergic reactions to insulin, once extremely com
mon,
are now seen relatively rarely because of the
increased use of purified insulins.'^' These reactions
occur either locally at the site of injection or as a
generalized, systemic reaction. The symptoms of insulin
allergy occur only after a patient has been treated with
insulin for the first time for at least 7 days, and most
episodes of insulin allergy have become manffest within 6
months after the start of treatment. People who develop
insulin allergy, whether systemic or localized, have an
increased incidence of allergies to penicillin and other
drugs. In addition, they are more likely to have taken
insulin intermittently, stopping and starting it several
times. Patients with Clergy to insulin also are more likely
to develop insulin resistance, often subsequent to their
allergic symptoms, and are more likely to have localized
lipoatrophy."'^

Localized Insulin Allergy
Localized reactions to insulin usually develop as
patches of sweUing and redness at the site of injection and
are usually pruritic and often painful. They can also
appear in milder forms as small subcutaneous nodules
that can be palpated but not seen. The immunologic
mechanisms that underlie local allergy are actuaUy
heterogeneous and can be differentiated clinically by
their time of onset after injection of the insulin. Never
theless, it is often difficult to distinguish the different
types of local reactions without performing a skin biopsy.
The most common type of local hypersensitivity is
IgE-mediated and involves a biphasic response to insu
lin.'^ There is an immediate reaction after insulin injec
tion involving urticaria at the injection site with indura
tion and pruritus. This is followed by a late-phase
response lasting 6 to 12 hours, with progressive swelling,
redness, and pruritus at the site of injection. The swelling
may last as long as 2 or 3 days. In some situations, the
immediate-phase symptoms can predominate, while in
others, the late-phase symptoms can occur without the
early signs. Levels of IgE antibody to insulin in the
circulation tend to be elevated in patients with these
types of local hypersensitivity.'^^ Dermal skin testing is
associated with development of an immediate wheal-andflare reaction in these individuals.
Less commonly seen is an intermediate hypersensitiv
ity reaction of an Arthus type involving deposition of
antigen-antibody complexes in dermal sites. This reaction
has an onset 4 to 8 hours after injection, peaking at 12
hours. The lesions are pruritic and indurated, with pain at
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the injection site, but the patient does not have a
wheal-and-flare reaction. Patients also
develop a
classical cell-mediated delayed hypersensitivity re^tion
to insulin.In this situation, pruritus, induration, erythema,
and burning appear 12 houre after injection and peak m
intensity at 24 to 48 hours.'^^
. i. „
The use of purified pork and human insuhns has been
associated with a decUne in the incidence of these k)cd
reactions, which used to occur in ^ many as ^50^ of
patients receiving unchromatographed msuhns,
or less of patients started on purified pork msulin.
Similar results have been found with human insulm,
although it is not clear that human insulin is any more
beneficial than purified pork insulin in preventmg local
hypersensitivity. Local aUergy is less common with the
u^f regular insulin alone than with the use of insulin m
suspension, but it does occur in patients treated with
regular insulin. It has also been reported in patients
treated with CSII tiierapy.^^
...
Hypersensitivity to the protamme and zinc in mtermediate- and long-acting insulins has also been seen as a
cause of local aUergy, but its incidence is extremely low.
Allergy to protamine can be identified with dermal skin
testing and treated by switching the patient from NPH or
PZI insulins to the lente series of insulins. Currently, all or
the commercially available insulins contain zinc, although
the concentration varies. A small number of patients with
local reactions to purified insulins may benefit from
treatment with zinc-free insulins, which are available on
special request from the major pharmaceutical compa
n i e s t h a tp r o d u c e insulin.'^
. . .
.
Local reactions to insulin tend to be self-limited and
generally resolve spontaneously within 1 to 2 months
^er onset of symptoms. Most patients with mild symp
toms do not require treatment for this condition. It
treatment is needed, patients can be switched to human
insulin. If this is not successful after several injections,
purified pork insulin or purified beef insulin can be tried.
Oral antihistamines can be of help in decreasing locd
symptoms, especiaUy those of IgE-mediated msuhn al
lergy. However, antihistamines should not be injected
locally in the syringe with the insulin because of their
chemical incompatibility.'^ Local injection of glucocorti
coids in low doses with the insulin has been used with
some success in a small number of patients.

high levels of circulating insuhn-specific IgE,"^ but these
antibody levels may also be elevated in patients without
170
insulin allergy.
• » ^
Generalized insulin allergy can also be associated with
symptoms similar to those of serum sickness, with
arthralgias, myalgias, fever, headache, and gastrointestmal
symptoms. Less commonly, autoimmune thrombotic
purpura and a Coombs-positive hemolytic anemia have
been reported. Circulating insulin-specific IgG has been
impUcated in the pathogenesis of these symptoms. Simdar
symptoms have been reported in a few patients startmg
treatment with recombinant DNA human insulm and
proinsulin, with the condition resolving after treatnient
with the insulin is stopped. No evidence was found of
contamination of the insulin with bacterial proteins.
Most systemic aUergic reactions occur in patients '^o
have stopped and then restarted insulin therapy. The
insulin molecule itself is usually the offending antigen,
but occasionally patients have specific reactivity to
protamine. Patients may have severe aUergy to a specAc
species of insulin, usually beef insulin, and tolerate other
types. In these patients, however, there is frequently
cross-reactivity between the offending insulin and other
insulins, including human insulin.
A carefiil history and notation of the temporal relation
ship of the symptoms to insulin injections is necessary for
the diagnosis of insulin allergy. Exposure to other
offending antigens and other drug allergies should be
ruled out. Intradermal skin testing with msulin »s often ot
value. Patients can be given an initial dose of 0.001 U o
purified beef insulin, purified pork insulm, and hum^
insulin in 0.02-mL volumes injected intradermally mto
separate, clearly marked sites. Control injections contaming saline and histamine can be given as well, ff ^ere is no
response to the injected insulins, the doses of the insulu«
can be increased first to 0.1 U intradermally and then, it
no response, to 1 U. ff there is no response to 1 U
intradermally in the presence of the appropriate positive
control, it can be presumed that the patient does not have
insulin allergy and that the symptoms are a response to

Generalized Insulin Allergy
Systemic allergy to insulin is uncommon, occurring^ m
0.05% of diabetic patients admitted to the hospital.
Patients with this condition may present with a number
of clinical symptoms, including generalized urticari^
pruritus, angioedema, rash, flushing,
palpitations, an
bronchospasm. Acute anaphylaxis with respiratory an
circulatory collapse can occur but is extremely rare. No
deaths known to be due to generalized insulin allergy
have been reported. These reactions are thought to be
mediated by reaction of insulin with insulin-speafic IgE
that is bound to basophils and tissue mast cells.
These
cells then release mediators of acute hypersensitivity,
such as histamine and serotonin, which produce the
symptoms. Patients with this condition generally have

some other antigen.
ff generalized insulin allergy persists after the patient is
switched to human insulin, desensitization should be
initiated while the patient is hospitalized. Human insulin
is used for this process unless it can be demonstrated that
the patient has a milder allergic response to anomer
species of insulin, ff the patient is m stable metabolic
control, an abbreviated desensitization schedule can be
started with a dose of insulin equal to one-^rd ot ttie
dose that normally produces the reaction. The insuhn
dose can be increased by 5 U every 12 hours as tolerated
until blood glucose levels are within a satisfacto^
ranee.''' ff the symptoms of systemic allergy are severe or
ff glycemic control is poor, rapid desensitization shou
be started. A syringe containing epinephrine ddute
1/100 should be available at the bedside and be giv
severe allergic response occurs. Antihist^ines ^d^U"
cocorticoids should be avoided because they could mas
allergic symptoms. Desensitization Idts can be obtain^
for the purpose (Eli Lilly), or serial dilutions of hum^
insulin can be prepared such that the first
inj
delivers 0.001 U in 0.1 mL intradermally. Progressive y

larger doses of insulin can be given at 30-minute
intervals in the following sequence: 0.002, 0.004, 0.01,
0.02, 0.04, 0.1, 0.2, 0.4, 1, 2, and 8 U. The .first two
doses can be given intradermally, and the subsequent
doses, subcutaneously. ff a local or systemic allergic
reaction is seen (greater than 1 cm of wheal, flare, or
induration), the sequence should be dropped back by
two dilutions and then continued up the scale as
before, ff
the patient reacts to the initial injection,
desensitization should be started with 0.0001 U and
increased at the same relative scale.
This procedure has be shown to be successfiil in about
94% of patients in a study performed with purified pork
insulin,'^ and similar results should be expected with
human insulin. Following desensitization, patients can be
switched to intermediate-acting or long-acting insulin,
alone or with regular insulin. It is important to have
constant basal coverage with injected insulin; gaps in
treatment or omission of doses can lead to the return of
the systemic allergy, necessitating a repeat of the desen
sitization procedure. Patients who fail to become desen
sitized can be treated with oral antihistamines, low doses
of systemic steroids, or a combination of the two.'^'
Allergy to zinc should also be considered when desensi
tization is not successful; skin testing with zinc-free
insulin can be performed to rule this out.
Although it is not fiilly clear how desensitization works,
the process seems to involve depletion of the mediators
of hypersensitivity from
mast cells and basophils. In
addition, IgG blocking antibodies are developed that
prevent the binding of insulin to IgE on mast cells that
triggers the immediate hypersensitivity response.'^'' In
addition, levels of circulating insulin-specific IgE fall
during desensitization, so IgE production may be sup
pressed. The rise in levels of IgG blocking antibodies in
this situation is occasionally associated with the develop
ment of insulin resistance.

Insulin Resistance
Insulin resistance refers to the clinical condition in
which the biologic response to insulin is diminished to
below normal levels.Diabetic patients with insulin
resistance require larger than normal daily doses of
insulin. There is an intrinsic form of insulin resistance
seen in patients with NIDDM that is involved in the
pathogenesis of the disease and is separate from
the
insulin resistance of obesity, which may also be present.^^
Clinically significant insulin resistance is usually identified
when an adult patient requires more than 200 U of insulin
a day or when a child requires more than 2.5 U/kg of body
weight.In fact, patients who require smaller daily
doses of insulin than those may still have some degree of
insulin resistance, since the daily insulin output of the
adult pancreas is only between 20 to 50 U.
Insulin resistance is associated with a number of
clinical states. Acute illness, surgery, infection, and
ketoacidosis can be accompanied by transient insulin
resistance that increases the daily insulin requirements.
Cushing disease, adrenal adenoma, ectopic adrenocorti
cotropic hormone syndrome, and exogenous steroid use
can cause insulin resistance because of the metabolic
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effects of glucocorticoid excess. Similarly, insulin resis
tance caused by excess levels of growth hormone is
seen in acromegaly. Insulin resistance is invariably
seen in the later stages of pregnancy. A variety of
syndromes with severe tissue resistance to the actions of
insulin are encountered but are extremely uncommon
(see Chapter 16).

Obesity and Weight Cain
The most common insulin-resistant state is obesity.
Obesity is associated with decreased responsiveness to
insulin in all of the major target tissues (muscle, liver, and
fat) caused by a combination of defects in insulin
receptor and post-receptor tissue.'^' Distribution of fat in
the abdomen and upper body (as opposed to lower body
or peripheral obesity) is especially associated with
peripheral and hepatic resistance to insulin and a de
crease in hepatic insulin extraction.This is dis
cussed in depth in Chapter 19- In practical terms, in
patients treated with insulin, the magnitude of insulin
resistance is proportional to the degree of excess weight.
This can be a particularly difficult problem for obese
patients treated with insulin because insulin treatment is
associated with weight gain both in patients witii IDDM
and those with NIDDM. In a number of studies of patients
treated with insulin for up to 12 months, weight gains of
2.0 to 4.5 kg were reported.®' The problem of weight
gain was well documented inIDDM patients in the DCCT,
in which patients randomized to intensive insulin therapy
gained a mean of 5.1 kg more then their counterparts
receiving standard treatment during the first
year of
therapy. Weight gain was especially seen in those patients
whose glycemic control improved the most and i^ those
patients who had severe hypoglycemic episodes.^ Most
of the early weight gain following the initiation of insulin
therapy is due to rehydration and correction of the
catabolic state of poorly controlled diabetes, but subse
quent chronic weight gain (in non-obese subjects) is
two-thirds due to fat and one-third due to lean body
mass.'^®
Probably several mechanisms are responsible for the
weight gain associated with insulin use. Increasing insulin
doses can cause recurrent hypoglycemia that can force
intake of excess calories. The hypoglycemic episodes are
frequently
very mild, without adrenergic warning symp
toms, and manffested only by hunger. Weight gain can
also result from the direct lipogenic effects^ of insulin on
adipose tissue, independent of food intake.
The result of weight gain in insulin-treated patients is
the often-cited vicious cycle of increased insulin resis
tance, leading to the need for more exogenous insulin,
to ftirther
weight gain, which increases the insulin
resistance even more. Diet therapy and weight loss are
extremely important in reversing this process,'®" but
the long-term results of these therapies have generally
been disappointing, even in patients not receiving insu
lin.'®' More drastic measures, such as very-low-calorie
diets, can be employed in patients with Type II diabe
tes who are receiving insulin, but such diets should be
used with great caution in patients with Type I diabe
tes.'®^ Insulin doses can be decreased dramatically in

484

JOSLIN'S Dl>

anticipation of weight loss and decreased carbohydrate
intake during the fast, and in most cases, patients with
Type II diabetes can discontinue taking insulin entirely.
Unfortunately, patients subsequently gain back most or all
of the weight lost during the fast if they do not continue
afterward with a weight-maintenance behavior modifica
tion program.

Immunologic Insulin Resistance
The development of high titers of antibodies to insulin
can be a rare cause of insulin resistance in patients with
diabetes, occurring in fewer than 0.01% of patients
treated with beef insulin.'^** This syndrome has not yet
been reported in any patients who had not received beef
insulin in the past, so it should cease to be a clinical
consideration as the use of human insulin becomes more
widespread. Immunologic insulin resistance is seen more
commonly in patients with a history of insulin allergy or
with interrupted or intermittent insulin therapy. The
development of insulin resistance can occur when insnlin
allergy is resolving, as high titers of circulating IgG block
IgE from causing cause allergic symptoms.'®' The exact
mechanism by which the circulating antibodies cause
insulin resistance is unclear, but it is thought that bound
insulin may be sequestered from action at the insulin
receptor. Furthermore, the kinetics of insulin turnover
are markedly altered. Patients with this condition often
have very high insulin requirements, with one-half requir
ing 1000 U or more of insulin per day.^'
To make the diagnosis of immunologic insulin resis
tance, one should take a careful history to identify
associated findings such as insulin allergy. Other causes of
insulin resistance should be ruled out, such as glucocor
ticoid excess, acromegaly, the use of drugs that cause
insulin resistance, occult lymphoma, and the rare forms of
extreme insulin resistance and acanthosis nigricans. The
concurrent presence of obesity can often confuse the
picture and make the diagnosis more difficult. Confirma
tion of the diagnosis can be made by finding
elevated
titers of antibodies to insulin, as well as high levels of
plasma free and total insulin, which are usually extremely
high (greater than 20,000 U/mL).'®^
The first step in treatment is to switch the patient from
beef-containing insulin to human or purifiedpork insulin.
Divided doses of regular insulin per day are used, and
their duration of action is sufficiently prolonged by the
insulin antibody binding as to make the use of intermediate-acting insulins unnecessary. If extremely high doses
of insulin are required, U-500 insulin can be used. After
the titers of insulin antibody decrease, which usually
takes 4 to 6 weeks, the use of intermediate or long-acting
insulins can be resumed. If patients do not respond to
human or pork insulin, they can be treated with gluco
corticoids, usually starting with prednisone at a dosage of
20 mg/day or higher.' ^ Daily insulin requirements
usually decrease rapidly in the first 3 to 5 days. Sulfated
insulin has also been used successfully in the past to treat
this condition when other measures have failed,^' but
now that human insulin is available, this form of therapy
is unlikely to be necessary.
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