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Preface

During the 1990s, diabetes mellitus emerged as an international health crisis.
Much of the attention has focused on type 2 diabeltes, reflecting the skyrocketing
incidence of obesity and associated illness around the world. Many oral therapies
are available for type 2 diabetes, and practicing physicians are generally knowl-
edgeable about their use. However, given the progressive nature of type 2 diabe-
tes, more than one oral antidiabetic agent is often required, and combination
oral therapy is now considered the standard of care for most patients. Continued
progression of the disease causes oral therapy to eventually fail in many patients,
requiring exogenous insulin either as monotherapy or in combination with oral
agents. Thus, when glycemic control is not achievable in the type 2 diabetic
patient as determined by failure to achieve the target HbA,. level with traditional
oral therapies, it is appropriate to consider insulin.

Insulin therapy has undergone major changes over the last few years. Insu-
lin analogs (often referred to as designer insulins) are now available that closely
approximatc the delivery of insulin from a hcalthy pancrcas. Injection cquipment
is easy to use, and for most patients injections are painless. Further, in a few
years we will likely have inhaled insulin or some other noninvasive approach
for insulin delivery. However, these advances have not been easily integrated
into clinical practice. Insulin therapy of both type 1 and type 2 diabetes remains
a difficult, frustrating experience for physicians and patients, reflecting most pa-
tients” wish to avoid self-injection therapy, plus the concerns of many physicians
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iv Preface

about hypoglycemia, weight gain, or worsening cardiovascular risk. Contributing
to this is a dearth of educational material regarding insulin therapy; many caregiv-
ers do not feel knowledgeable about how to use insulin optimally.

The current volume is intended to be a comprehensive, up-to-date, clini-
cally based resource for practicing providers and those in training regarding insu-
lin therapy. Contributors were charged to use a ‘‘how to’” format, but also to
include physiological and pharmacological concepts to make understandable the
design and troubleshooting of inpatient and outpatient insulin programs.

The book is divided into three sections. Part I (Chapters 1-6) provides a
general background: a rationale for optimal glycemia control in diabetes and
standards of care, injection and glucose-monitoring equipment, dietary practices,
physiology of insulin secretion and blood glucose regulation, and pharmacokinet-
ics of the available insulin preparations. Part 11 (Chapters 7-12) applies these
principles to specific patient populations: those with type 1 and type 2 diabetes,
children, inpatients, pregnant women, and patients experiencing hyperglycemic
emergencies. Part 11I (Chapters 13—15) addresses prevention and therapy of hypo-
glycemia, insulin pumps, and noninvasive approaches for insulin delivery.

There is one style issue. The term ‘‘analog’” is used throughout the text:
prior medical literature mostly used ‘‘analogue,”” but this alternative spelling is
now increasingly used.

We would like to thank the many contributors to this volume. Without their
diligence, patience, and humor, this project would have remained simply a fantasy
of the editors.

Jack L. Leahy
William T. Cefalu
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1

Rationale for and Strategies to Achieve
Glycemic Control

William T. Cefalu
University of Vermont College of Medicine, Burlington, Vermont

INTRODUCTION

The prevalence of diabetes is increasing in epidemic proportions on a worldwide
basis. In the United States alone, it has been estimated that there are approxi-
mately 16 million patients with diabeltes, representing about 6% of the population.
In addition, an estimated 5.4 million people are undiagnosed. On a more alarming
note, it has been estimated thal approximately 20 million people have impaired
glucose tolerance, a clinical state felt to be representative of pre-diabetes. The
projected increase in new cases of diabetes is also expected to increase the preva-
lence of complications associated with the disease, i.e., retinopathy, neuropathy,
nephropathy, and cardiovascular disease. In addition to the morbidity and mortal-
ity resulting trom these complications, the financial cost is staggering. It has been
estimated that the total cost to care for diabetes and its related complications in
the United States alone was over $98 billion for the year 1997. Thus, the current
and evolving emphasis in diabetes management is to 1) evaluate strategies for
the prevention of the disecase and 2) implement clinical treatment regimens, as
outlined in subsequent chapters, with the goal of reducing or delaying the progres-
sion of these devastating complications.

270 Madison Avenue. New York. New York 10016
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2 Cefalu

There have been significant advances in the understanding of the etiology
and pathogenesis of both type 1 and type 2 diabetes. Whereas type 1 diabetes
has been established to be an autoimmune process associated with pancreatic
destruction, resulting in an absolute insulin-deficient state, type 2 diabetes is asso-
ciated with insulin resistance, increased hepatic glucose production, and, in all
cases, a ‘‘relative’” deficiency of insulin. As such, despite laboratory studies sug-
gesting a normal or elevated insulin level in subjects with type 2 diabetes com-
pared with nondiabetic subjects, the insulin level is not sufficient to completely
compensate tor the increased insulin resistance of the peripheral tissues—i.e.,
muscle and fat—required to maintain glycemia. The failure of adequate insulin
secretory compensation ujJtimately results in hyperglycemia and the diagnosis of
type 2 diabetes.

Despite differences in the ctiology of type 1 and type 2 diabetes, the com-
mon biochemical manifestation is hyperglycemia. Chronic hyperglycemia is con-
sidered a major factor in the development of microvascular complications in both
type 1 and type 2 diabetes and contributes greatly to the pathogenesis of macro-
vascular disease. As such, diabetes remains a major cause of premature death
and disability in the United States: It remains the leading cause of new cases of
blindness in adults, and it is responsible for over 50% of nontraumatic lower-
extremity amputations and approximately 50% of new cases of end-stage renal
disease. It has also been established that the presence of diabetes causes a two-
to fourfold increase in cardiovascular risk. Because of the accelerated cardiovas-
cular risk, the most recent National Cholesterol Education Program (NCEP)
guidelines suggest that diabetes represents a “‘risk equivalent’” for cardiovascular
disease and warrants treatment to lipid goals comparable to that for patients with
pre-existing cardiovascular disease. It is hard to imagine that at one time the
contribution of hyperglycemia to development of these complications was ques-
tioned. Yet the studies reported over the past 10 years leave little doubt that
hyperglycemia is indeed a major causative factor in the development of complica-
tions. The precise mechanism(s) by which chronic hyperglycemia promotes tissue
complications, however, is still an area of great debate and research interest.

ROLE OF HYPERGLYCEMIA IN THE DEVELOPMENT OF
COMPLICATIONS: EVIDENCE TO DATE

Clinical evidence supporting glycemic control as a primary goal of management
exists for both type 1 and type 2 diabetes (Table 1). The landmark study, the
Diabetes Control and Complications Trial (DCCT), was reported in 1993. This
trial evaluated a total of 144] subjects with type | diabetes and included 726
subjects with no retinopathy at baseline (primary-prevention cohort) and 715 with
mild retinopathy (secondary-intervention cohort). The subjects were randomly
assigned to intensive treatment (administered either with an external insulin pump

Copyright © Marcel Dekker, Inc. All rights reserved.
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Glycemic Control—Rationale and Strategies 3

TaBLe 1 Clinical Evidence for Benefits of Glycemic Control

Study {subject type}

DCCT Kumamoto UKPDS sDIS
(type 1) (type 2) {type 2) {type 1)
Retinopathy 63% 69% 17-21% 63 vs. 33%"°
Nephropathy 54% 70% 24-33% 26 vs. 7°
Neuropathy 60% — — 32 vs. 147
Macrovascular Dx 41%:* — 16%*° —
HbA A 9-7% 9-7% 8-7% 9.5-7.2%

* Not statistically significant.
® Compared with standard treatment.

or by three or more insulin injections) or 0 conventional therapy {one or [wo
daily insulin injections). The subjects were followed for a mean of 6.5 years,
and the appearance and progression of retinopathy and other complications were
assessed regularly. The trial demonstrated conclusively that control of clinical
hyperglycemia, as evidenced by a reduction in HbA., reduced retinopathy by
75%, nephropathy by 54%, and neuropathy by 60%. There was also a 41% reduc-
tion in macrovascular disease, but this was not statistically significant because
of the low number of events,

The Stockholm Diabetes Intervention Study (SDIS) also evaluated the ben-
cfit of glycemic control in type 1 subjects. In this trial, 43 subjects were random-
ized to intensified conventional treatment (ICT) and 48 subjects randomized to
standard treatment (ST). Subjects were {ollowed for 10 years while vascular com-
plications, treatment side effects, well-being, and risk factors for complications
were studied. HbA |, (normal range 3.9-5.7%) was reduced from 9.5 * 1.4%
(mean = SD) in the ICT group and 9.4 = 1.2% in the ST group to a mean (during
10 years) to 7.2 * 0.6% and 8.3 = 1.0%, respectively (p < 0.001). Serious
retinopathy (63 vs. 33%; p = 0.003), nephropathy (26 vs. 7%; p = 0.012), and
symptoms of neuropathy (32 vs, 14%; p = 0.041) were more common in the ST
group after 10 years,

Several landmark studies have been reported for type 2 diabetic subjects.
The Kumamoto Study examined whether intensive glycemic control could de-
crease the frequency and severity of diabetic complications. This prospeclive
study of Japanese subjects with non-insulin-dependent diabetes (NIDDM) in-
cluded 110 subjects with NIDDM who were randomly assigned to either the
multiple insulin injection treatment (MIT) group or the conventional insulin injec-
tion treatment (CIT) group. Fifty-five subjects who showed no retinopathy and
urinary albumin excretions <<30 mg/24 hours at baseline were evaluated in the
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4 Cefal

primary prevention cohort, and the other 55 NTDDM subjects (who showed sim

ple retinopathy and urinary albumin excretions <300 mg/24 hours) were evalu-
ated in the secondary intervention cohort. The appearance and progression of
retinopathy, nephropathy, and neuropathy were evaluated every 6 months over
a 6-year period. A significant difference in glycemic control was demonstrated
between groups as assessed by a 2.3% difference in HbA . levels. The progression
in retinopathy and nephropathy after 6 years was significantly less for the MIT
group than for the CIT group, for both the primary and secondary intervention
cohorts. In neurological tests, the MIT group showed significant improvement
in the nerve conduction velocities, while the CIT group showed significant deteri-
oration in the median nerve conduction velocities and vibration threshold. From
this study, a HbA |, of <6.5% was indicated as the glycemic threshold to prevent
the onset and progression of diabetic microangiopathy.

The United Kingdom Prospective Diabetes Study (UKPDS) was a multicen-
ter, randomized, controlled trial in over 4000 type 2 diabetic subjects conducted
between 1977 and 1997. Subjects were followed every 3 months for 3, 6, or 9
years. The study objectives were to determine whether intensive therapy of type
2 diabetic subjects reduces the risk for complications and to compare intensive
pharmacological therapy with conventional therapy. Subjects were first placed on
a low-fat, high-carbohydrate, high-fiber diet for 3 months and then randomized to
diet alone, insulin, sulfonylurea, or metformin. Over 10 years, HbA . was 7.0%
(6.2-8.2) in the intensive group versus 7.9% (6.9-8.8) in the conventional group—
an 11% reduction. There was no difference in HbA . among agents in the intensive
group. Compared with the conventional group, the risk in the intensive group was
12% lower (95% CI 1-21; p = 0.029) for any diabetes-related endpoint, 10%
lower (—11 to 27; p = 0.34) for any diabetes-related death, and 6% lower (—10
to 20; p = 0.44) for all-cause mortality. Most of the risk reduction in the any-
diabetes-related aggregate endpoint was due to a 25% risk reduction (7-40; p =
0.0099) in microvascular endpoints, including the need for retinal photocoagula-
tion. There was no difference for any of the three aggregate endpoints between
the three intensive agents (chlorpropamide, glibenclamide, or insulin).

In addition, 753 overweight subjects were included in a randomized con-
trolled trial comparing conventional policy, primarily with diet alone (n = 411),
with intensive blood glucose control policy with metformin, aiming for fasting
plasma glucose <6 mmol/L (n = 342). A secondary analysis compared the 342
subjects allocated metformin with 951 overweight subjects allocated intensive
blood glucose control with chlorpropamide (n = 265), glibenclamide (n = 277),
or insulin (n = 409). Median HbA,. was 7.4% in the metformin group versus
8.0% in the conventional group. Subjects allocated metformin, compared with
the conventional group, had risk reductions of 32% (95% CI 13-47; p = 0.002)
for any diabetes-related endpoint, 42% for diabetes-related death (9-63; p =
0.017), and 35% for all-cause mortality (9-55; p = 0.011).

Copyright © Marcel Dekker, Inc. All rights reserved.
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Glycemic Control—Rationale and Strategies 5

TaABLE 2 Epidemiological Analysis of the UKPDS

Risk reduction

relative to
HbA . (%)
—1 -1.5
Mortality
All causes 14 17-21
Related to diabetes 21 24-33
Events
Any diabetes-related endpoint 21 32
Microvascular disease 37 56
Amputation/death PVD 43 65
Mi 14 21
CVA 12 18
CHF 16 24

Source: Stratton et al., 2000.

Further analysis of the UKPDS suggests risk reduction for several end-
points; Table 2 demonstrates the risk reduction relative to specific decreases in
HbA ..

The findings of the clinical trials demonstrate conclusively that intensive
therapy, by significantly improving clinical glycemia, reduces the risk of micro-
vascular and neurological complications. It is also seen from these trials that
exogenous insulin therapy did not increase the risk of complications, in particular,
macrovascular disease. This concept is well demonstrated by the UKPDS results,
in which insulin therapy appeared to control glycemia as well as the pharmacolog-
ical therapies, but there appeared to be no difference in macrovascular events
between those treated with insulin and those taking the other oral therapies. The
UKPDS study also suggested that type 2 diabetes, the most common form of the
disease, is indeed a progressive disease that will require additional therapies (i.e.,
combination oral therapies and/or addition of insulin) in order to control glycemia
over time.

Finally, clinical trials to date have also provided the data required to suggest
target levels for glycemic conurol, as assessed with the HbA .. Current ADA
guidelines suggest a target of <7%. However, in the epidemiologic data from
the UKPDS, there appears to be no lower threshold for HbA . levels for which
complications are not reduced (Figure 1). A number of small cohort trials, preced-
ing and during the large interventional trials, further corroborate the significance
of HbA . elevations greater than 6.5%. These findings are also consistent with
a number of epidemiological studies implicating the association of hyperglycemia
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Ficure 1 UKPDS epidemiological data demonstrating the role of HbA,, in
the hazard ratio for microvascular and macrovascular complications. (From
Stratton et al,, 2000.)

with the development of diabetic complications. A more recent study also pointed
to the observation that a Towered HbA . may be favorable for cardiovascular
events. This had been suggested by the EPIC-Norfolk Study, in which the relative
risk for cardiovascular disease was much less, with recorded HbA,. levels of
<5%. Based on the evidence, a Consensus Conference of the American College
of Endocrinology was recently convened, this conference suggested that the pri-
mary target for obtaining glycemic control should be <6.5%.

ASSESSMENT OF CLINICAL GLYCEMIC CONTROL

The clinical trials to date have objeclively assessed glycemic control by measur-
ing the glycated hemoglobin level, a readily available clinical test and a mainstay
for diabetes management {or many years. This test relies on the nonenzymatic
attachment of glucose to amino groups on proteins; since this reaction is nonenzy-
matic, the major factors contributing to the degree of protein *‘glycation,”” i.e.,
attachment of glucose to the protein, are the magnitude of the clinical hyperglyce-

LX)
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Glycemic Control—Rationale and Strategies 7

mia and the duration of exposure of the protein to clinical hyperglycemia. Numer-
ous techniques are used in laboratories to assess glycated hemoglobin levels. The
“‘total glycated hemoglobin’’ is a measure of the percentage of glycation of all
hemoglobin species and traditionally has been assessed with an affinity chroma-
tography technique. The most common assay, however, HbA ., has traditionally
employed ion-exchange methodology and specifically measures the glycation of
the major glycated hemoglobin species. It is important to recognize which test
is offered in your clinic, because a measure of total glycated hemoglobin would
be reported as a higher level than that of HbA .. Because the hemoglobin in the
red blood cell has a half-life of approximately 60—90 days, measurement of gly-
cated hemoglobin gives an overall objective index of glycemic control for the
preceding 2—3 months.

Recently there has been interest in measuring glycation of other proteins,
primarily albumin, that have shorter circulating half-lives (days or weeks instead
of months). This would offer the clinician an objective measure of more recent
glycemic control. These tests, which are commercially available, are performed
by obtaining a plasma or serum fructosamine level. Assessment of serum fruc-
tosamine will provide an objective index over the past 1-2 weeks. These tests
may be ideal in situations in which more frequent objective tests are needed,
such as in pregnancy. Research also suggests that glucose may nonenzymatically
attach to long-lived tissue protein, such as myelin in nerves and collagen in kid-
neys and arteries. It has been postulated that the glucose attached to these proteins
may result in cross-linkage of proteins and lead to products referred to as ad-
vanced glycated end-products, or AGE proteins. The presence of these AGE pro-
teins on long-lived tissue proteins has been postulated to alter protein structure
and characteristics and therefore provide a mechanism by which hyperglycemia
may contribute to the development of diabetic complications.

Clinical glycemia can be described as consisting of two components: 1)
basal or fasting glucose levels, and 2) meal-related glycemic, or postprandial,
elevations (Figure 2). The fasting glucose level is influenced by hepatic glucose
production and hepatic sensitivity to insulin. Postprandial glucose levels are in-
fluenced by: 1) the preprandial glucose level, 2) meal-related insulin secretion,
3) the glucose load from the meal, and 4) peripheral tissue sensitivity to insulin,
As demonstrated in Figure 2, the preprandial glucose is normally maintained in
a narrow range. However, in subjects with diabetes, in which alterations occur
in the factors controlling these parameters, both the fasting and postprandial lev-
els are elevated. Thus, an elevated HbA . level in diabetic states is reflective
of contributions from the elevated fasting or preprandial glucose level and the
postprandial glycemic rise. This concept is very important on clinical grounds,
as it suggests that control of both fasting/preprandial and postprandial glucose
levels is required to normalize the HbA . level.

Traditionally, it has been the targeting of preprandial levels that has
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Ficure 2 (Top) Relative contributions of FPG and mealtime glucose excur-
sions to 24-hour glycemic control. (From Riddle MC. Evening insulin strategy.
Diabetes Care 13:676-686, 1990.) (Bottom) 24-hour glucose profiles for repre-
sentative patients at various levels of glycemic control.

guided changes in insulin therapy. However, recent observations suggest that
targeting postprandial levels may be an alternative clinical strategy. First, one
could argue that targeting postprandial glucose levels is important based on the
observations that postprandial glucose abnormalities are the earliest detectable
glycemic change in diabetes. Second, it is postulated that postprandial glucose
levels may correlate better to the HbA . level; supporting this concept are studies
in outpatient trials demonstrating that targeting treatment to control postprandial,
as compared with preprandial, glucose levels in outpatient trials results in a more
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Glycemic Control—Rationale and Strategies 9

significont drop in HbA . Third, evidence i mounting on the importance of
postprandial glucose in the development of complications, paricularly vascular
complications, Specifically, the wmponance of postprandial glecose levels was
demonsicoied in the Honoluly Heart Studv, which suggested that a significant
increase in both Tanal and woal coronary hean disease was observed wath increas-
ing posiprandial glucose. However, the most convincing data on posiprandial
glucoge and cordiovascular disease hove been compiled in the Dhaberes Epide
miodogy: Collaborative Analysiz of Diagnostic Cneria in Evrope (DECODE}
study. This study invelved 13 centers in Evrope and 23,364 paticnis with un-
known glucose pxlerance at basehne, Included were 13 studies of men {132,785
patieni-years) and sin studies of women (48,200 patient-years), The average
fedlow-up was [0 vears, with & median follow-up of 7.3 years, This study
showed a highly significam increase in the hazard ratio for death in those with
increased postprundial glucose =200 mgfdl (Figure 35 and strongly supporis
the concept of postprandial glycemia oz an important marker of cardiovascular
fhsedse,

The emergence of postprandial glycemia as g contributor o diabetic com-
plications provides an sdditional clinical target, as 05 wsderstood thae both the
fasting/preprandhal ghecose and postiprandul glycemic excorsion contribute o
the HhAy, level. Figure 1B outlines four 24-hour glucose profiles representing

2-Hour Clocose {mp'dl):
< | i} wl ]
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Fasting Glueose [mg/dly
Ficure 3 Hazard ratios {95% Cl) for death according 1o the fasting glucosa

and 2-hoar glucose in individuats not known &3 diabethe. (From DECODE,
1954,
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10 Cefalu

“normal’” and various levels of glycemic control. As demonstrated, profile A
represents glucose levels for a nondiabetic individual with control of both pre-
and postprandial excursions; one could suggest an approximate HbA , of 5% for
this individual based on the lowered glycemic profile. In contrast is a patient
with uncontrolled hyperglycemia, as represented by profile D, with both elevated
fasting and preprandial glucose levels, along with postprandial glycemic excur-
sions. This profile may be representative of a patient with an HbA . of approxi-
mately 10.5%. With improved control and improvement in both pre- and post-
prandial glucose levels, 24-hour glucose may be further improved, resulting in
an HbA,, of approximately 7.8%, as suggested by profile C. This represents a
very common clinical profile in that preprandial glucoses are controlled, yet the
HbA . is still not at target. This is a situation in which checking postprandial
glycemia may be indicated, and adjusting therapy as needed to control these
postprandial spikes. By improving postprandial hyperglycemia in the patient rep-
resented by profile C, a further reduction in HbA |, can be obtained, as outlined
in the patient profile labeled B.

In summary, there is now definitive clinical evidence that hyperglycemia
is related to the progression and development of diabetic complications. Although
several mechanisms have been postulated, the precise mechanism(s) by which
hyperglycemia contributes is not specifically known. Based on the clinical trials
to date, we now have defined clinical goals for which to target levels of glycemic]
control. Further evolving concepts in the management of diabetes would sugges
that understanding postprandial control may benefit our patients greatly by im-
proving HbA . and possibly by improving cardiovascular outcomes. However,
the latter observation has not been clinically tested in prospective intervention
trials.
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Goals of Treatment

Nathaniel G. Clark
American Diabetes Association, Alexandria, Virginia

INTRODUCTION

The aim of this chapter is to describe the current treatment guidelines and goals of
therapy for patients with diabetes mellitus as outlined by the American Diabetes
Association (ADA) (1-3; Table 1). Each year the ADA publishes *‘Clinical Prac-
tice Recommendations,”” which are standards that have been shown to minimize
the risk of both short-term (i.e., hypoglycemia) and long-term complications of
diabetes. Such standards also allow objective assessment of the care provided by
practitioners in managing patients with diabetes.

Over the past few years, the federal government has indicated great interest
in improving diabetes care in the United States. The Diabetes Quality Improve-
ment Project (DQIP), a collaborative effort of many groups involved with diabe-
tes care, resulted in the development of a set of diabetes-specific performance
and outcome measures—the first nationwide performance measures widely
adopted by the health-care community. The National Committee for Quality As-
surance (NCQA) included the DQIP measures in HEDIS 2000 (Health Employ-
ment Data Information Set), its evaluation program for accrediting health-care
plans. In addition, the Heath Carc Financing Administration (HCFA) now re-
quires all health plans contracting with Medicare to report their DQIP data.

13
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TaBLE 1 American Diabetes Association Standards of Care

Measure

Standard

Diagnosis of diabetes
Fasting blood glucose (FBG)
Casual (random) BG
2-hour OGTT value

Blood glucose goals
Preprandial
Bedtime

Hemoglobin Ay,

Lipids
LDL
HDL

Triglycerides
Blood pressure

Urinary microalbumin/creatinine
ratio

Dilated eye exam

Aspirin

Foot exam

Smoking
Immunizations

Influenza
Pneumococcal

>126 mg/dl
>200 mg/dl (with symptoms)
>200 mg/dl

80-120 mg/dl
100-140 mg/dl
<7.0%

<100 mg/dl {(children: <110 mg/dl)

>45 mg/dl (men), >55 mg/dI
{(women)

<200 mg/dl

<130/80 (children: <90th percentile
for age)

<30 mg/g creatinine

Yearly

Encouraged unless contraindicated

Each visit (high-risk patients); yearly
complete exam in all patients

Document status, encourage ces-
sation

Yearly
Once. Revaccination of those >64
years of age (see text)

DIAGNOSTIC CRITERIA FOR DIABETES

In 1997, in collaboration with the World Health Organization, the ADA revised
the guidelines for the diagnosis of diabetes mellitus into three criteria. 1f any
single criterion is met, the diagnosis of diabetes is made.

1. The presence of the typical symptoms of ongoing hyperglycemia such
as polyuria, polydipsia, and weight loss and a casual (random) plasma
glucose concentration =200 mg/dl (1 1.1 mmol/L) or

2. A fasting plasma glucose =126 mg/dl (7.0 mmol/L). Fasting is defined
as no caloric intake for at least 8 hours prior to the test or

3. A blood glucose level =200 mg/dl (11.1 mmol/L) at the 2-hour point
of a 75-g oral glucose tolerance test (OGTT).

270 Madison Avenue. New York. New York 10016
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Treatment Goals 15

It is recommended that these criteria be confirmed by repeat testing on a different
day before the diagnosis is firmly established.

Defining blood glucose levels for the diagnosis of diabetes also provided
an opportunity to define blood glucose levels that, while not consistent with dia-
betes, did not fall within the normal range. Impaired fasting glucose (IFG) is
defined as 110 to 125 mg/dl (6.1-7.0 mmol/L) and impaired glucose tolerance
(IGT) is a 2-hour value on the OGTT of 140 to 199 mg/dl (7.8—-11.1 mmol/L).

Comment: The need to obtain a confirmatory positive test on a different
day needs to be considered in the context of the individual patient. A fasting
blood glucose (FBG) of 135 mg/dl (7.5 mmol/L) in the absence of any symptoms
of hyperglycemia warrants repeating, whereas an FBG of 300 mg/dl (27.7 mmol/
L) in the setting of polyuria, polydipsia, and weight loss clearly indicates clinical
diabetes and need not be repeated prior to beginning treatment. The hemoglobin
A\ (HbA ) was not recommended as a diagnostic test for diabetes because it is
not rigorously standardized around the world and the normal range can vary based
on the assay used. Nonetheless, while a normal HbA | does not rule out diabetes,
an elevated value is highly significant and supports the diagnosis of diabetes or
at least indicates a need for further testing.

GLYCEMIC CONTROL
Blood Glucose

The average preprandial blood glucose level should be 80—-120 mg/dl (4.4-6.7
mmol/L). Action, i.e., changing the treatment plan, would be appropriate if this
value were consistently below 80 mg/dl (4.4 mmol/L) or more than 140 mg/dl
(7.8 mmol/L). It is recommended that the average bedtime glucose level be 100-
140 mg/dl (5.6—7.8 mmol/L). Action is suggested if this value is consistently
less than 100 or more than 160 mg/dl (8.8 mmol/L).

Hemoglobin A;. (HbA,.}

Although blood glucose levels obtained by self-monitoring using a blood glucose
meter are extremely important in the day-to-day management of diabetes, hemo-
globin A . is accepted as the best measure of overall blood glucose control. This
test has been used in all the major research studies that examined the relationship
between glycemic control and complications. HbA . provides a measure of aver-
age blood glucose level over the preceding 2—3 months (Table 2).

It is recommended that HbA . be checked every 6 months in patients who
are currently achieving blood glucose treatment goals and if the therapeutic regi-
men is stable. More frequent monitoring is recommended in those individuals
who do not meet these criteria. For the majority of patients, checking HbA .
every 3 months would be prudent. In most laboratories in the United States, the
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TaBLE 2 Relationship Between Hemoglobin
A, (HbA,.) and Mean Blood Glucose Level

Mean blood glucose

Hemoglobin A;, (%) level {mg/dl)

5.0 90

6.0 120

7.0 150

8.0 180

9.0 210
10.0 240
11.0 300
12.0 330

normal range for individuals who do not have diabetes is approximately 4—-6%.
The goal for patients with diabetes is an HbA . level less than 7%, with action
suggested if the value is more than 8%.

Comment: The standards for HbA . and blood glucose levels are the same
for patients with type | and type 2 diabetes. It is well known, however, that the
risk of hypoglycemia that accompanies very tight blood glucose control is much
greater in patients with type 1 than in those with type 2 diabetes. With this in
mind, the standards need to be individualized for each patient. A prior history
of significant hypoglycemia is an important factor in setting the goal for blood
glucose control. In addition, the goal should be achievable to prevent patient
discouragement. A reduction of HbA . from 10 to 8% is very significant clinically
and should be positively reinforced even though the stated goal of less than 7%
has not yet been achieved.

LIPID CONTROL

The ADA has defined “‘low-risk’’ (<100 mg/dl, 2.60 mmol/L), ‘‘borderline’”
(100-129 mg/dl, 2.60-3.35 mmol/L), and “‘high-risk’” (=130 mg/dl, =3.38
mmol/L) LDL levels for adults. The goal for LDL in adults with diabetes is less
than 100 mg/dl (<2.60 mmol/L). Similarly, levels of risk have been defined for
HDL cholesterol. In men, ‘‘high-risk’ is less than 35 mg/dl (-<0.90 mmol/L),
“‘borderline risk’” 35-45 mg/dl (0.90-1.15 mmol/L), and *‘low-risk’’ more than
45 mg/dl (>1.15 mmol/L). For women, these values are increased by 10 mg/
dl. The HDL goal is more than 45 mg/d] (>1.15 mmol/L) for men with diabetes
and more than 55 mg/dl (>>1.40 mmol/L) for women. In regard to plasma triglyc-
erides, ‘‘high-risk’’ is greater than or equal to 400 mg/dl (=4.50 mmol/L), ‘‘bor-
derline risk’” 200-399 mg/dl (2.30—4.50 mmol/L), and “‘low-risk’’ less than 200
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mg/dl (<2.30 mmol/L). The goal for triglycerides in individuals with diabetes
is less than 200 mg/dl (<2.30 mmol/L).

In children with risk factors for cardiovascular disease (e.g., diabetes), the
goal for total cholesterol is less than 170 (4.4 mmol/L) and for LDL less than
110 mg/dl (<2.80 mmol/L). There are no stated guidelines for HDL or triglycer-
ides in this population (4).

Comment: Recently published guidelines from the National Cholesterol Ed-
ucation Program (NCEP) state that the goal for LDL should be based on the
patient’s prior history of a significant cardiovascular event or the presence of
defined risk factors for coronary disease (5). Previously, diabetes was simply
considered a risk factor with the same relative weight as such other factors as
family history of heart disease, smoking, hypertension, and gender. Recent stud-
ies have suggested that having diabetes confers a risk of cardiovascular discase
equal to that of having had a previous cardiovascular event (6). In the 2001 NCEP
guidelines, diabetes is considered a “*‘CHD risk equivalent,”” and the LDL goal
when diabetes is present is less than 100 mg/dl.

BLOOD-PRESSURE CONTROL

Hypertension should be treated aggressively in patients with diabetes. The goal
for blood pressure is less than 130/80 in adults and below the 90th percentile
for age in children. In the patient with diabetes, angiotensin-converting enzyme
(ACE) inhibitors are the first choice for treatment of hypertension.

Comment: Hypertension is a significant risk factor for many of the compli-
cations of diabetes, playing a role in the development of retinopathy, nephropa-
thy, and cardiovascular disease. Because cardiovascular disease is the most sig-
nificant contributor to the morbidity and mortality in patients with type 2 diabetes,
aggressive regulation of blood pressure is advised. A recent clinical advisory
from the National High Blood Pressure Education program (7) indicates that the
coexistence of diabetes and hypertension warrants a lower blood pressure goal
(135/80) than for the patient with hypertension who does not have diabetes (140/
90). ACE inhibitors, and perhaps angiotensin-receptor blockers, offer many ad-
vantages in the treatment of hypertension in the patient with diabetes. There is
evolving research examining the role of these agents in vascular reactivity, endo-
thelial function, and fibrinolysis that may underlie the recent exciting observation
from the MICRO-HOPE study of a protective role for ACE inhibitors against
cardiovascular disease in persons with diabetes (8).

SCREENING FOR NEPHROPATHY

A spot urine sample should be analyzed for albumin and creatinine and an albu-
min:creatinine ratio calculated on a yearly basis, beginning at diagnosis in those
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with type 2 diabetes and after 5 years of diabetes in those with type 1. A ratio
of less than 30 mg albumin/g creatinine is considered normal. Microalbuminuria
is 30-300 mg/g creatinine; more than 300 mg/g is considered macroalbuminuria.
As there are many causes of transient proteinuria, including exercise, fever, and
urinary-tract infections, it is suggested that this test be performed on three sepa-
rate occasions (with two of the three positive) before the patient is considered
to have clinically significant albuminuria.

Using this test, patients who require aggressive treatment can be identified,
thereby minimizing the risk of progressive nephropathy. Factors important in the
reduction of risk for diabetic nephropathy include the control of blood glucose
and weatment of hypertension. As in hypertension, ACE inhibitors are the drugs
of choice in the treatment of albuminuria. For patients who cannot tolerate ACE
inhibitors, the September 20th, 2001, issuc of the New England Journal of Medi-
cine contained three papers showing the utility of angiotensin receptor blockers
in diabetic nephropathy (9-11).

Comment: When to begin screening children with type 1 diabetes is a con-
troversial topic. Although previously it was felt that duration of diabetes prior
to puberty was not clinically significant, there is now increasing cvidence that
the duration of diabetes should be considered regardless of pubertal status, and
it is recommended that all patients with type 1 diabetes be screened after 5 years
of disease.

SCREENING FOR RETINOPATHY

A yearly dilated fundoscopic examination is recommended, beginning at diagno-
sis in patients with type 2 diabetes and after 3-5 years in those with type 1
diabetes. It is recommended that this examination be done by an ophthalmologist
or optomelrist who is knowledgeable and experienced in the diagnosis of diabetic
retinopathy.

Comment: When to begin screening children with type 1 diabetes is a con-
troversial topic. Although previously it was felt that duration of diabetes prior
to puberty was not clinically significant, there is now increasing evidence that
the duration of diabetes should be considered regardless of pubertal status, and
the screening of all patients with type 1 after 3-5 years of diabetes is recom-
mended.

Yearly screening allows the detection of diabetic retinopathy at its earliest
stages, permitling close follow-up and laser treatment, as appropriate. It also
allows other types of diabetes-associated eye disease to be identified, such as
cataracts, as well as common eye problems such as glaucoma. The availability
of laser therapy for diabetic retinopathy has made a significant difference in pre-
serving eyesight. Moreover, the detection of eye disease early in the course, when
there is minimal to no functional disruption, offers the additional opportunity to
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motivate the patient to strive for optimal blood glucose and blood-pressure con-
trol to hopefully prevent more serious retinopathy.

ASPIRIN USE

Patients with diabetes have a markedly greater risk of developing cardiovascular
disease and its complications. 1t is therefore recommended that aspirin therapy
be considered for most adult patients who have diabetes. Specifically, it is sug-
gested that aspirin be used as secondary prevention if there is evidence of large-
vessel disease (history of myocardial infarction, vascular bypass procedure,
stroke, transient ischemic attack, peripheral vascular disease, claudication, or an-
gina). In addition, aspirin should be considered in primary cardiovascular-risk
reduction in patients at increased risk for macrovascular disease; so practically
most experts recommend aspirin use in all adults with type 2 diabetes. Enteric
coated aspirin in doses from 81 to 325 mg per day are suggested.

FOOT CARE

Clinical assessment of the feet should be made on a regular basis to identify risk
of or existing fool problems. A yearly, complete foot examination, including
assessment of protective sensation (using a microfilament), foot anatomy and
biomechanics, vascular status, and skin integrity is suggested. Patients at high
risk for foot problems (established neuropathy, for example) should be examined
at every office visit.

SMOKING

Smoking should be actively discouraged, and all available methods for smoking
cessation employed.

INFLUENZA AND PNEUMOCOCCAL IMMUNIZATION

Yearly immunization against influenza is recommended in all patients with diabe-
tes older than 6 months of age. Pneumococcal vaccine is also recommended be-
cause patients with diabetes are considered at high risk for serious disease. A
one-time revaccination of patients above 64 years old is recommended 5 years
after the initial vaccination.

SUMMARY

Substantial evidence exists that adherence to standards of care improves clinical
outcomes of patients with diabetes. However, much evidence also exists that care
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providers do poorly in consistently meeting these standards. The use of either a
formal Aowsheet in the medical record or a computerized database that contains
a record of past diabetes care will maximize the likelihood that these standards
will be followed by the practitioner. These tools are becoming more widely avail-
able and their use is strongly encouraged.

REFERENCES

1.

Clark NG. Standards of care in diabetes. In: Leahy JL, Clark NG, Cefalu W, eds.
Medical Management of Diabetes Mellitus. New York: Marcel Dekker, pp. 41-49,
2000.

American Diabetes Association, Clinical practice recommendations 2001, Diabetes
Care 24(suppl 1):81-133, 2001.

American Association of Clinical Endocrinologists medical guidelines for the man-
agement of diabetes melliws: the AACE system of intensive diabetes self-manage-
ment—2000 update. Endo Prac 6:43-84, 2000.

National Cholesterol Education Program (NCEP). Highlights of the report of the
expert panel on blood cholesterol levels in children and adolescents. Pediatrics 89:
495-501, 1992.

Executive summary of the third report of the National Cholesierol Education Pro-
gram (NCEP) experi panel on detection, evaluation and treatment of high blood
cholesterol in adults (adult treatment pancl 1TT). JAMA 285:2486-2497, 2001.
Haffner SM, Lehtc S, Ronnemaa T, Pyorala K, Laakse M. Mortality from coronary
heart disease in subjects with type 2 diabetes and in nondiabetic subjects with and
withoul prior myocardial infarction. N Engl J Med 339:229-234, 1998.

The sixth report of the Joint National Committee on Prevention, Detection, Evalua-
tion, and Treatment of High Blood Pressure. Arch Intern Med 157:2413-2446, 1997.
Heart Ouicomes Prevention Evaluation Study Investigators. Effects of ramipril on
cardiovascular and microvascular outcomes in people with diabetes mellitus: results
of HOPE study and MICRO-HOPE substudy. Lancet 2000 355:253-259, 2000.
Lewis EI, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, Ritz E, Atkins
RC, Rohde R, Raz I. Renoprotective effect of the angiotensin-receplor antagonist
irbesartan in patients with nephropathy due 1o type 2 diabetes. N Engl | Med 345:
851-860, 2001.

Brenner BM, Cooper ME. de Zeeuw D, Keane WF, Mitch WE, Parving HH, Re-
muzzi G, Snapinn SM, Zhang Z, Shahinfar S. Effecis of losartan on renal and cardio-
vascular outcomes in patients with type 2 diabetes and nephropathy. N Engl ] Med
345:861-869, 200).

Parving HH, Lehnert H, Brochner-Mortensen J, Gomis R, Andersen S, Amer P, The
effect of irbesartan on the development of diabetic nephropathy in patients with type
2 diabetes. N Engl J Med 345:870-878, 2001.

Copyright © Marcel Dekker, Ing. All rights reserved.

Marcer Dexxer, lnc. m
270 Madison Avenue. New York. New York 10016 .



3

Insulin Syringes, Pens, and Glucose-
Monitoring Equipment and Techniques

Margaret Costello

Vermont Regional Diabetes Center, Fletcher Allen Health Care,
University of Vermont College of Medicine, Burlington, Vermont

DIABETES SELF-MANAGEMENT

Diabetes self-management education is performed by specially trained nurses,
dieticians, pharmacists, and others to provide patients the skills, knowledge, and
confidence to manage their own diabetes on a day-to-day basis through analysis
of their lifestyle practices and blood glucose patterns to make informed decisions
in their insulin doses or other therapy. Self-management education involves a
continuum of services ranging from the teaching of survival skills to a compre-
hensive self-management program. Given the importance of self-management for
the attainment of optimal glycemic control, it is recommended that specially
trained licensed health-care professionals provide diabetes self-management edu-
cation. Certified Diabetes Educators (CDEs) must accrue 1000 hours in direct
diabetes education and pass a certifying exam from the National Certification
Board for Diabetes Educators, with a recertifying exam every 5 years. Certifica-
tion implies expertisc in diabetes knowledge, skills, and the teaching of diabetes
education based on national standards.

21
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The steps in the educational process are:

SN n =

Assessment of educational needs

Planning the teaching-learning process

Implementation

Documentation of the areas covered and the patient’s progress
Evaluation

Survival Skills

Instruction in survival skills should be given to all patients with diabetes who
are unable to participate in a comprehensive self-management program. The fol-
lowing areas should be covered, using information that is consistent with national
and regional standards of care:

Disease basics

Self-monitoring of blood glucose
Exercise and activity

Medication usc

Hypoglycemia

Nutrition

Comprehensive Self-Management Program

A comprehensive self-management program is contained in the curriculum de-
signed by the American Diabeles Association. There are 15 core educational

arcas:

10.
I
12.

13.

RN LD =

Diabetes overview

Stress and psychosocial adjustment

Family involvement and social support

Nutrition

Exercise and activity

Medications

Self-monitoring and use of results

Relationships among nutrition, exercise and activity, medication, and
blood glucose levels

Prevention, detection, and treatment of acute complications
Prevention, detection, and treatment of chronic complications

Foot, skin, and dental care

Behavior-change strategies, goal setting, risk-factor reduction, and
problem-solving skills

Benefits, risks, and management options for improving glucose con-
trol
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14.  Use of health-care systems and community support resources
15. Preconception care, pregnancy, and gestational diabetes

INSULIN THERAPY

Patient Education

Many individuals are reluctant to initiate insulin therapy. Openly discussing
their concerns prior to technical training is of prime importance. In particular, a
common fear is that the injections will be painful or complex. Discussing up
front the convenience of modern injection systems, and injecting the patient
with saline 1o show the painlessness of the needle may be all that is needed to
gain his trust and acceptance. Common concerns and issues are discussed
below.

Needle phobias are common at any age. Ask about previous injection expe-
riences patients may have had, or observed. Inform the patient that—unlike
intramuscular (i.m.) injections, which are painful—subcutaneous (s.q.) in-
sulin injections with today’s syringes and pens arc generally painless. Insu-
lin doesn’t sting (glargine occasionally causes minor local reactions be-
cause of its acidic buffer), but using of alcohol for skin cleansing can sting
and is not necessary. Also, injection-assistance devices may help in extreme
cascs (discussed later).

There may be concerns that insulin therapy is the treatment of last resort,
and is permanent. Patients may view themselves as failures or struggle to
accept that they cannot avoid insulin or diabetes self-care any longer.
Patients may have memories of family members or friends who suffered
complications or death that they associate with having started insulin. Their
own use of insulin may trigger fears that they will have a similar fate. 1t
is helpful to point out that insulin therapy is effective, relatively inexpen-
sive, and generally well tolerated. Also, emphasize the patient’s current
lack of optimal glycemic control and the risk of microvascular complica-
tions that it creates, plus the ability to ‘‘fine-tune’” insulin doses and regi-
mens to exactly meet the patient’s needs in order to maximize the benefits
and minimize the difficulties.

Many people fear that the inconvenience of carrying supplies and taking
the time to prepare and administer insulin will be a major barrier. Re-
viewing with patients their lifestyle and schedule, and pointing out the rele-
vant issues, will help them in choosing equipment and an insulin regimen
that meets their needs.

Most patients (whether they admit it or not) will have some anxiety about
injecting themselves for the first time, which hinders them from thinking
about much else. Preparing a saline injection and having them self-inject
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as the first part of the teaching session can alleviate their anxiety, and allow
them to concentrate on the information that must be learned when begin-
ning insulin therapy.

Patients should never be expected to self-teach injection technique at home.
Written literature and training tapes should be used only to complement, not
replace, individualized live instruction. Referral to a trained diabetes educator is
encouraged when first beginning insulin. If not possible, office staff should be
formally trained in the proper techniques of injection, mixing, and self-blood-
glucose monitoring; current equipment; detection, prevention, and treatment of
hypoglycemia; sharps disposal; and insulin storage.

Patients already taking insulin who have an unexplained change in their
blood glucose values or difficulty in attaining stable glycemia should be asked
to demonstrate their syringe preparation and injection techniques, to describe
their insulin storage practices, and to show their injection sites. This often uncov-
ers problems, especially in self-taught or inadequately educated individuals and
the elderly.

Syringes

Gone are the days when patients boiled their glass syringes and needles, sharp-
ened the needles with a whetstone, ran them through cotton to detect burrs, soaked
everything in alcohol, and finally gave painful intramuscular injections. Now a
variety of insulin-delivery systems exist that use disposable, wire-thin needles
that have been laser-sharpened and silicon-coated so that injections are usually
painless.

Today’s disposable syringes come in multiple sizes (0.3 cc [doses up to
30 units], 0.5 cc [up to 50 units], and 1 cc [up to 100 units], needle thicknesses
(28 1o 30 gauge), and needle lengths (5/16*° and '/2’*). Insulin in the United
States is standardized to a concentration of 100 units per cc (U100), with syringes
to match. However, some other parts of the world use other concentrations
(mostly U40). Occasionally, foreign visitors call Jocal pharmacies, physicians,
or emergency departments because they have run out of insulin syringes. The
concentration of their insulin needs to be determined. U40 syringes are available
in the United States by special order, or U100 insulin may need to be given along
with syringes. The 5/16” needles are appropriate for children (unless obese) or,
as a rule, individuals with a body mass index < 27 kg/m?. Use in larger individu-
als can result in back-leakage and loss of insulin at injection sites, which can
cause erratic or elevated blood glucose levels. Useful practices: blood glucose
should be checked more frequently when changing syringes or needle lengths to
make sure there is no deterioration in glycemic control; patients should be cau-
tioned to check markings when changing syringes to avoid medication errors; be
sure to order syringes that are large enough to hold increased or mixed doses.

MarceL DexxEr, Inc.

270 Madison Avenue. New York. New York 10016

A
f@ Copyright © Marce] Dekker, Inc. All rights reserved.



Insulin-Delivery and Glucose-Monitoring Methods 25

Reuse and Disposal

Although syringe manufacturers recommend one-time usage of syringes, reuse
is common and safe for most individuals if basic guidelines are followed. Immu-
nocompromised patients or those with open weunds, poor hygiene, or acute con-
current illness should not reuse. It is generally recommended that syringes be
used no more than three or four times {occasionally patients report longer usage
without complaint or apparent problem}, and that they be discarded if they come
in contact with anything but skin, Recap the needles until the next use. Don’t
wipe the needle with alcohol; it results in a duller needle by removing the silicon
coating faster. Patients who mix insuling dull their needles more quickly because
of the puncturing of the rubber vial caps. Discuss needle reuse with your patients
so you know exactly what they are doing.

Discarded sharps should be contained in a puncture-free container. Check
with the local waste agency for specific instructions,

Insulin Pens

Insulin pens are multidose devices in which a small disposable needle is twisied
on and the dosage dialed in (Figure 1). Pens have been widely nsed in Europe
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Ficure 1 Schematic representation of the basic parts of an insulin pen (pic-
ture of a disposable pen taken from the product literature of Eli Lilly and Co.).
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TaBLE 1 Insulin Pen Manufacturers and Products

Manufacturer Product Comments
Becton, Dickinson B-D Pen Uses any 1.5-cc cartridge—up to 30 units
800-237-45564 in 1-unit increments
B-D Pen mini Uses any 1.5-cc cartridge—up to 15 units
in '2-unit increments
Disetronic Disetronic Pen Adaptor allows filling the reusable 3.15-cc
800-280-7801 cartridge with any manufacturer’s insulin
Eli Lilly Humalog Disposable pens filled with 3 cc delivered
800-545-5979 NPH in 1-unit increments
75% NPL/25%
Humalog
Cartridges 1.5-cc cartridges of Humalog, Regular,

NPH, 70/30 for nondisposable pens from
other companies

Novo Nordisk Innovo Uses 3-cc cartridges; built-in memory with
800-727-6500 last dosage and elapsed time since last
injection
Novopen 3 Uses 3-cc cartridges—up to 70 units in 1-
unit increments
Novopen 1.5 Uses 1.5-cc cartridges—up to 40 units in 1-

unit increments
Novopen prefilled Disposable pens of Regular, NPH, 70/30
filled with 1.5 cc delivered in 2-unit incre-

ments
Cartridges 1.5-cc and 3-cc Regular, NPH, 70/30 car-
tridges for nondisposable pens
Owen Mumford Autopen Uses any 1.5- and 3-cc cartridge; four mod-
800-421-6936 els with different dosing range

Pen products available in the U.S. at the time this table was produced. Refer to manu-
facturers for current products and specifications. Insulin aspart is not shown but should
soon be available from Novo Nordisk. Also, glargine from Aventis is available only in
vials but reportedly pen-based delivery is under development. Pen and cartridge vol-
umes are based on U100 insulin (100 units per cc).

and other parts of the world for many years, and are rapidly gaining popularity
in the United States. The available pens in the United States are shown in Table |.

Advantages

e Portable and self-contained, so no need to carry syringes and vials.

e Convenient. Takes less than 1 minute to prepare and easy to use, so ideal
for starting insulin,

e Accurate dosing. Especially helpful for the elderly or patients with de-
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creased dexterity or vision. Most pens have 1-unit increments, but 1/2-unit

increments (BD Pen Mini) and 2-unit increments also exist (Novo prefills).

Discreet, so injections can be given in public unnoticed.

Multiuse, with less waste.

Reduced chance of dosage errors related to air bubbles,

Often cheaper for patients who take small doses of insulin because the

smaller volume of pen cartridges or prefilled pens (150-300 units versus

bottles that contain 1000 units) means less wastage due to expiration of

the opened insulin before being used up.

» Smaller (31 gauge) and shorter (1/3”) needles are available than can be
found in syringes.

Disadvantages

¢ [Insulin cannot be mixed in pens. However, many patients prefer (o take
multiple pen shots at one time rather than mixing in a syringe.

* Some pens have a shorter recommended lifespan (Table 2) once they are
opened compared with vials of the same insulin, potentially resulting in
increased wastage and cost.

s Some insuling are not available in pen form. However, this can be ¢ircum-

TaBLe 2 Manufacturer's Recommended Expiration Times for Insulin
Fen Products

Days at room

temperature
Pen product Opened Unopened
Novolin Prefilled Pen 1.5 ml Regular 28 28
Novolin Prefilled Pen 1.5 ml NPH 7 7
Novolin Prefilled Pen 1.5 ml 70/30 7 7
Novo 3 cartridge—Regular 28 28
Novo 3 cartridge—NPH 14 14
Novo 3 cartridge—70/30 10 10
Novolog 28 28
Lilly Humulin cartridge 1.5 ml—Humalog 28 28
Lilly Humulin Prefilled Pen 3 ml—Humalog 28 28
Lilly Humulin Prefilled Pen 3 ml—NPH 14 14
Lilly Humulin Prefilled Pen 3 ml—75/25 10 10

Unused products that are refrigerated can be utilized 1o the expiration date on the pen/
packaging. Once opened or removed from refrigeration, the times listed above apply.
Room temperature is 59° to 86°F.
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vented with the Disetronic pen, which can draw up any type of insulin into
its reservoir.

Some insurance companies won’t reimburse pen costs.

Patients on large insulin doses may exceed the maximal insulin delivery
of the pen, or they may find them technically hard to use for Jarge doses.
On average, insulin cartridges and disposable pens are approximately 25%
more expensive per unit than vials so they may be cost-prohibitive for
patients on large doses.

General Considerations for All Pens

Use a fresh needle each time since there is no way to cover the needle once
opened.

At each usage, the pen must be primed by expelling 2 units to purge the
needle of air. Then dial in the dosage to be injected.

Always remove the needle between injections, as air can be drawn in and
distort the chamber pressures.

Never use a syringe to draw insulin out of a pen.

Keep a record of the expiration date when a cartridge or disposable pen is
opened, and follow the manufacturer’s recommendations on when to dis-
card it.

Most pen needles are interchangeable, but the pen manuftacturer may not
honor the pen warranty unless its needles are used.

Follow the manufacturer’s directions on how to prepare the pen and admin-
ister the injection. Note especially how to determine when the full dose
has been delivered. After injecling the insulin, be sure to leave the needle
in for at least 5 seconds. Premature needle removal may resull in leakage
from the skin (a common complaint of patients when first starting pen use),
resulting in a decreased dosage.

The FDA has not approved pens for the visually impaired, and pen clicks
should not be used to count the dose. However, pens are frequently very
useful for low-vision patients after their ability to prepare the pen and inject
accurately has been confirmed.

Insulin Storage

Improperly stored insulin is a common cause of erratic or high blood sugars, and
should be considered if there is a change in the patient’s glycemic control, or if
a patient does not seem 1o be responding to his insulin as usual, especially when
traveling. Patients should be given the following instructions:

Do not leave insulin in luggage or a car that might be exposed to extreme
temperatures.
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e Unopened vials, pens, and pen cartridges should be stored in the refrigerator
at 36°F—-46°F (2°C-8°C) until the expiration date.

¢ Once opened (when the stopper or seal has been punctured with a needle),
insulin pens are kept at room temperature. Vials can be refrigerated or
unrefrigerated, depending on what is more convenient for the patient. Once
opened, vials are ‘‘fresh’’ for 28 days if stored at less than 86°F (15°C-
30°C) and protected from bright sunlight. In contrast, pen products vary
in the manufacturers’ allowable time before discarding (Table 2).

¢ Insulin that has passed the expiration date, or has been exposed to other
than recommended temperatures, will lose potency and should be dis-
carded.

e Shaking or agitating insulin, such as when carrying it in a purse or loose
in a car glove box, can reduce its potency. Hard shaking of long-acting
insulin suspensions prior to drawing it up in a syringe can have the same
effect. Cold insulin can be irritating to inject. Thus, patients should be told
to roll the vial in their hands 10 times prior to drawing it up in the syringe
(after letting it sit 30 minutes at room temperature if the vial is stored in
the refrigerator).

e Drawing up several days’ worth of syringes is a common practice, espe-
cially for individuals who require assistance from home health workers,
visiting nurses, or family. Prefilled syringes should be kept refrigerated,
stored vertically with the needles pointing up to prevent needle clogging
by insulin crystals, and used within 21 days. Always label them carefully.

Insulin Injection Technique

1. Collect supplies. Inspect the vial for any crystallization, clumping, or
discoloration. 1f present, discard and open a new vial.

2. Wash hands.

3. Roll vial 10 times; excess agitation can damage the insulin and cause
precipitation.

4, Wipe top of bottle with alcohol or cotton ball soaked in alcohol.

5. Push plunger up and then down to the number of units to be drawn
up. Insert needle into vial and push plunger to empty the air into the
vial.

6. Pull plunger down to the prescribed number ot units. Draw 1-2 units
extra to make up for insulin bubbles to be pushed out.

7. Inspect the syringe for any bubbles and tap with a finger or against
a table to drive them to the top of the syringe, and then push out. Be
sure the correct dose is still in the syringe; if it isn’t, draw more.
Many patients have an unfounded fear of injecting air by mistake but
are afraid to discuss it. Every patient should be reassured that in-
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Jecting air in the subculaneous tissue does no harm other than de-
creasing the intended dose.

8. Lightly pinch up the skin; holding the syringe like a pencil, insert the
needle to the hub and push the plunger slowly. Wait 5 seconds and
pull out the syringe.

9. Dispose of sharps in the recommended way.

10. Do not massage the area. Note any back-leakage of insulin.

Mixing Insulins

If possible, avoid teaching patients to mix when first initiating insulin therapy,
as the extra steps can overwhelm and confuse them. Emphasize use of a consistent
technique. Commercial premixed insulin (70/30, 75/25, 50/50) is useful as in-
terim therapy, or for individuals who cannot master accurate mixing.

It was identified a decade ago that mixing long-acting insulin with Regular
insulin slows the effect of the Regular insulin through microcrystallization; most
problematic are Ultralente and Lente, with NPH causing less of this effect. The
precipitation starts in a few minutes and takes up to 24 hours to be complete.
(Commercially prepared mixes are not subject to this issue as the manufacturers’
formulations create stable ratios of 70/30, 50/50, etc.) It was thus recommended
that insulin injections be administered immediately after mixing. Also, commer-
cial mixes or the use of multiple syringes, each containing only one kind of
insulin, were suggested for those who were having syringes prepared ahead of
time by family or home health workers. This ‘“‘contamination’” effect of long-
acting insulin on Regular insulin is now less of an issue because it does not occur
with the rapid-acting analogs, lyspro and aspart. However, caution should still
be taken when mixing. NPH should never be mixed with Lente or Ultralente
because of precipitation. Also, glargine cannot be mixed with any other insulin
because of the low pH of the glargine buffer (pH 4) necessary to keep it soluble
for injection. As new insulins come to market, it is important to consult with the
manufacturer for correct mixing practices.

Technique for Mixing Insulin

Guidelines for mixing insulins are similar to those for a single-drawn dose, with
a few exceptions.

1. Insert air into each vial before drawing any insulin. The amount in-
serted per vial should equal the insulin dose to be withdrawn. Insert
air into the long-acting (cloudy) insulin vial first.

2. After the remaining air is put into the short-acting (clear) insulin, draw
up the prescribed dose and remove the needle. The short-acting insulin
should always be drawn up first to prevent possible contamination of
the vial with long-acting insulin, which could alter its kinetics of action.
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3. Expel any remaining air, and inspect that the correct dose was taken.
4. Draw up the long-acting insulin, being careful not to overdraw.

Injection Difficulties

Bruising at injection sites may be related to nicking superficial vessels, and is
usually not due to poor injection technique. However, the problem may be
worsened in padents taking anticoagulants, corticosteroids, or nonsteroidal anti-
inflammatory drugs, and in the elderly.

Painful injections may be related to the use of alcohol at the site—if the
site is dirty, patients should wash it with soap and water prior to injection but
otherwise no skin preparation is recommended. Injection of cold insulin, or syrin-
ges that have been reused too many times so the needle is dulled, can also cause
pain. So can a technically correct injection in patients who are nervous or hyper-
sensitive to pain. Use of an ice cube on the site for a few minutes prior to injection
often helps. When the problem is extreme, applying Emla cream 30 minutes
before the injection can be beneficial. Also, switching to the thinnest available
needle (31 gauge for insulin pens and 30 gauge for syringes) should be wied.

An important cause of painful injections is when they are i.m. Insulin is
designed to be given s.q., which is generally painless. Kinetic properties of the
different insulins are determined by how they exist in the subcutaneous space
(crystals, hexamers, dimers, monomers). Only monomers and dimers can be ab-
sorbed into the blood; lyspro and aspart exist as monomers, accounting for their
rapid action; Regular as dimers and hexamers, causing its multihour effect; and
intermediate and long-acting insulins as crystals, so the effect is much longer. If
patients inadvertently inject 1.m.—that is, do not pinch the skin enough, causing
them to go through the subcutaneous space—absorption into the blood is faster
than usual, resulting in a quick effect and occasionally frank hypoglycemia. Intra-
muscular injections hurt. A useful way to identify i.m. injections is to differentiate
pain on inserting the needle into the skin—any of the previous causes, including
pain hypersensitivity—from pain when the plunger is pushed in—i.m. injection.
To avoid this problem, injections are generally given at a 90° angle, but children
or thin adults may need a 45° angle, especially in areas with little subcutaneous
fat. The practice of pinching a small fold of skin should be reinforced.

Allergic reactions are rare and usually localized. Rubber and latex allergies
related to latex in syringes or rubber stoppers on vials can be mistaken for an
insulin allergy. Latex-free syringes are available (Terumo Corporation). Preserva-
tives or other chemicals in the buffer, such as zinc or protamine, can cause allergic
reactions, but this is rare. Since human insulin has come to the market, serious
insulin allergies are quite rare.

Lipoatrophy is a sinking or pitting of the subcutaneous tissue around an
injection site that is believed to be an allergic response to a specific insulin species
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or poor purity. It was relatively common a few years ago, especially in women
and children and during the first year of therapy. Its occurrence has markedly
decreased with today’s use of highly purified human insulin.

Lipohypertrophy is a fatty buildup of subcutaneous tissue, usually related
to overuse of an injection site, often because the frequent use causes it to become
insensitive to pain. It remains relatively common, but is decreasing in frequency
as patients are being urged to rotate their sites (Figure 2). Also important is the
relative painlessness of today’s syringes and pens. Thus, when lipohypertrophy
is identified, causative factors besides the pain desensitizing etfect must be con-
sidered. Patients may have a favorite site because of easy access, convenience,
better visualization, or simply habit. Alternatively, difficult-to-see areas such as
the buttocks may have lipohypertrophy without the patient’s knowing it. It is
important to educate paticnts that insulin absorption is erratic from hypertrophied

Ficure 2 Stippled areas indicate recommended insulin injection sites.
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sites, and to discuss alternative sites and proper site rotation. Lipohypertrophy
usually resolves if the site is not used tor several months. It is essential that
providers inspect injection sites routinely. Also, patients will often state that they
use their abdomen, but on inspection and more careful discussion, it is discovered
that only a small area is used, which is hypertrophied. Individuals on multiple
daily injections who use only one or two sites (especially arms and legs) are at
the highest risk. Patients should be taught to rotate among individual sites.

Insulin Absorption
Insulin absorption, and thus the timing of its action, is affected by many variables.

e The insulin formulation. The protamine in NPH and the excess zinc in
Lente and Ultralente promote crystallization, which causes the cloudy ap-
pearance and slower absorption compared with Regular insulin or the rapid-
acting analogs (*‘clear insulins’”).

e Raising skin temperature, such as by taking a shower or hot tub after an
injection, increases absorption. Similarly, massaging the injection site in-
creases local circulation and speeds absorption. Both are to be discouraged.

¢ Exercise increases blood flow, and thus absorption of locally injected insu-

lin. It is recommended that patients be taught not to inject into a limb that
recently has been exercised, or will be exercised within the next hour. In-
stead, the abdomen is the most neutral site in terms of this effect, and best
used when physical activity is planned.
Intramuscular injections increase the absorption rate, as already discussed.
Subcutaneous injection sites vary in absorption rates (from fastest to slow-
est: abdomen, arms, legs, and buttocks). It’s useful to match sites to a de-
sired effect, e.g., use of the stomach before meals, and giving the evening
shot in the buttocks or leg so it lasts through the night. However, it is
important to realize that this effect does not occur with the rapid-acting
analogs lyspro and aspart or the long-acting analog glargine; all are con-
sidered to have absorption rates that are unaffected by where they are in-
jected.

e Sites of lipohypertrophy can cause unpredictable absorption. Also, patienis
should be instructed to avoid the umbilical area and any scars by at least
two inches (stretch marks are not a concern).

Injection Aids

A variety of devices are available to help those with technical or emotional diffi-
culties with injections, including insulin pens, automatic needle injectors, needle-
free jet injectors, and aids for the visually impaired (Table 3). Also, contact your
local or state Division of the Blind to learn about local resources.
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TaBLE 3 Insulin-Delivery Assistance Devices
Type Manufacturer Product
Jet injectors—needleless Activa AdvantaJet, Advanta JetES,
injection systems 800-991-4464 GentleJet
Bioject Vitajet 3
800-683-7221 #436
Equidyne Injex 30
877-474-6539
Medi-Ject Medi-Jector VISION

Automatic injectors—
enable using needles
more easily

Aids that enable syringe
loading and insulin dose
measurement in the
visually impaired

800-328-3074
Becton, Dickinson
800-237-4554

Medicool
800-433-2469

Owen Mumford
800-421-6936

Sherwood
314-621-7788

Becton, Dickinson
800-237-4554

Jordan Medical
800-541-1193

Meditec
303-758-6978

Palco
800-346-4488

Inject-Ease Automatic injector
{conceals insulin syringe)

InstaJect injector (adjusts for
depth of needle penetration)

Autoject, Autoject 2 (injects
needle at prescribed depth)

Maonoject Injectomatic (spring-
loaded for monoject syrin-
ges)

Magni-Guide (2.5x scale mag-
nifier and needle guide)

Count-a-Dose (syringe filling
and mixing devise)

Holdease (needle guide and
syringe/vial holder)

Insulgage (allows tactile draw-
up of preset dose)

Inject-Eze 6000 (low-vision
loading devise with 2X lens)

Insulcap (tactile-cue vial cap
for ease in inserting a sy-
ringe)

Load Matic (syringe loader)

Shown are insulin-delivery assistance devices by category. Refer to manufacturers for
current products and specifications.

SELF-BLOOD-GLUCOSE MONITORING

Self-blood-glucose monitoring (SBGM) is an essential part of any diabetes man-
agement program. It provides quick, reliable data for problem solving and deci-
sion making, and it is invaluable for detecting or confirming hypoglycemia and
analyzing blood glucose patterns to adjust treatment. This relatively painless tech-
nique involves pricking the finger with a lancet device to obtain a drop of blood,
which is placed on a reagent strip in a handheld meter to quantify the glycemia
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concentration. Two measurement technologies are commonly used: color-reflec-
tance meters, which use strips impregnated with the enzyme glucose oxidase and
a color indicator system for the chemical reaction, and meters that measure elec-
trical current produced by the chemical reaction. Visual-read test strips are also
available, but are not nearly as accurate as meter-read samples. Urine glucose
testing is obsolete because it cannot detect hypoglycemia or even assess blood
sugars in the recommended range since most individuals start spilling glucose
into their urine when glycemia exceeds 180 mg/dl. However, urine testing is
better than nothing for individuals who refuse blood glucose monitoring.

Indications and Rationale

Essentially all individuals with diabetes should monitor their blood glucose level.
SBGM is invaluable because of the instant and accurate data it provides, plus
patient acceptance has been helped by the ease of use and accuracy of modern
meters. Common objectives of its use are:

¢ Detection of hypoglycemia, especially in individuals with hypoglycemia
unawareness.

¢ Improved decision making regarding adjustments of care in response to
dietary and exercise changes.

¢ Enhanced effectiveness of patient—provider dialog regarding efficacy of
the current therapy, and help in designing strategies to attain the glycemia
targets.

¢ A level of patient self-sufficiency and problem solving that did not exist
prior to their being able to determine a blood glucose level. This is true in
emergent situations; when patients don’t feel well, they can determine what
role, if any, glycemia is playing. Also, patients can be safely managed at
home during illness or acute hypo- or hyperglycemia that before SBMG
would have led to seeking emergent medical attention. This concept is true
for chronic management as well. Intensive diabetes management strategies
and the current mantras of ‘‘self-care’” and *‘self-management’” could not
exist without SBMG.

Advantages

e Allows the patient to practice self-management, resulting in increased inde-
pendence, self-confidence, and motivation.

e Provides reliable, objective, and quick test results for improved treatment
decisions.

¢ Instant feedback on diet, exercise, and medication effects, anytime, any-
where.

e Detects or confirms asymptomatic hypoglycemia or hyperglycemia.

270 Madison Avenue. New York. New York 10016
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Disadvantages

¢ Discomfort of pricking the finger. Meters have recently come onto the mar-
ket that use alternative sites (most commonly the forearm) that are adver-
tised as being painless. However, these alternative sites are not as accurate
as fingertip testing when blood glucose levels are rapidly changing, such
as after meals or during the development of hypoglycemia.

e Cost is a major barrier for many people. Although insurance reimbursement
for diabetes medications is growing, many plans still do not cover test
strips, which cost $0.60 to $0.80 each.

¢ Requires a degree of mental acuity and manual dexterity that is sometimes
lacking in the chronically ill or elderly.

¢ Incorrect technique or equipment malfunction can lead to erroneous test
results and inappropriate decision making. However, over the last few years
meters have become easier to use and more reliable, and require less blood
for accurate testing. In the past, using too small a blood sample was a major
cause of inaccurate results.

¢ Persistently high or labile blood sugars can lead to patient frustration. Para-
doxically, the patient’s motivation for better diabetes control can be hurt
by ‘‘bad blood sugars,”” leading to avoidance of testing.

¢ Inconvenience of carrying supplies and taking the time to test and record
information. Most meters now have memories that allow later written docu-
mentation.

Patient Education

Individualized instruction in product selection and use of the equipment is key,
as is ensuring that patients know their glycemia targets and how to apply the
data for better glycemic control. This can greatly increase patient molivation to
test as well as improve the quality of the data, and decrease costly product waste.
Exploring in a nonjudgmental manner the reasons for a patient’s not testing as
recommended often uncovers barriers that can be addressed through a change in
equipment, helping them obtain affordable supplies, or re-emphasizing the neces-
sity of testing for attaining the goals of therapy. Diabetes educators are trained
to help patients identify and overcome barriers, and to teach blood glucose inter-
pretation for problem solving. Instruction should include correct usage of the
meter and its care, calibration, and use of control fluids; technique for finger
pricking; proper disposal of sharps; the testing schedule; their blood glucose
goals; record keeping; glucose-pattern interpretation, and how to use their SBGM
data for diet, medication, or exercise insulin adjustments. Further, patients should
know to bring their testing equipment and glucose diaries to each visit. They
should be regularly asked to demonstrate their testing technique, and their meters
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should be checked for accuracy, especially when their log results are inconsistent
with other indices of glycemia such as HbA ..

Meter Selection

Meters have become smaller, faster, and easier to use, and require less blood. A
large selection with various features are on the market, and it’s best to be familiar
with several models or refer to a diabetes educator. Meter kits also include lancet
devices for finger pricking. It is important to determine that not only the meter
but also the lancing device suits the patient. Getting input from the patient regard-
ing meter selection is key, as their perception of what determines ease of use or
a particularly desirable feature can greatly affect their motivation to test.

Meter features to consider include the required sample size, ease of use,
‘“‘sipping strips’’ which use capillary action as opposed to direct application of
a drop of blood on the strip, test time, meters that use sites other than the fingertip,
accuracy and glucose range, meters that measure levels of whole-blood versus
plasma glucose, memory capacity, available data-management software and its
ease of use, temperature and altitude range, meter size and weight, large versus
small screen and number size, ease of opening test-strip packages, individual
foil-wrapped strips versus those stored in a vial, meter and strip costs, ease of
coding the meter, and quality-control testing (Table 4).

Patient variables to consider include dexterity, cognitive abilities, visual
acuity, frequency of testing, motivation, lifestyle, concerns about compactness,
privacy, and how they wish to keep a record of their blood glucose results.

Special Populations

The elderly are often undertreated in regard to blood glucose monitoring. Avoid-
ance of hypoglycemia is of particular importance in this population. Moreover,
labile blood glucose patterns and a tendency to hypoglycemia are a feature of
many elderly patients as they become insulin-dependent. Thus, age should not
be a limiting factor when considering fingerstick usage and frequency. Patienl,
personalized education is often required. Also, special attention should be paid
to the patient’s manual dexterity, vision, and potential memory deficits. Simplic-
ity of use and need for only a small blood drop are particularly useful meter
features for older patients.

Children often do best with equipment that hides the lancet, minimizes
discomfort, and requires a small sample size. Meters with quick results are espe-
cially helpful to parents. Also, memory recall is a useful meter feature for children
who report blood glucose results that are not consistent with their HbA |, value.

Major obstacles for the visually impaired (including fluctuating and low
vision) are obtaining an adequate blood sample and correct placement on the test
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TasLe 4 Blood-Glucose-Monitoring Systems {refer to manufacturers for current products and specifications)

Glucose
Sample size range  Test time Plasma/ Memory
Meter mfr. and name {ul} {mg/dl} (seconds} Strip name whole blood Ino. of tests) Comments
Amira
(877-264-7263)
AtlLast 2 40-400 15 AtlLast Plasma Last 10 Capillary aclion strip; alternative
site options
Bayer Corporation
(800-888-53857)
Glucometer Dax 3-4 10-600 30 Sensor Disc Plasma 100 (date/time) Capillary-action strip
Glucomeler Elite 2 20-800 30 Elite Plasma 20 Capillary-action strip
Glucometer Elite XL 3 20-600 30 Elite Plasma 120 (date/time) Capillary-action strip
Home Diagnostics
(800-342-7226)
Prestige LX{HDI} 5 25-500 10-50  Prestige Smart Whola blood 365 Capillary-action strip; large,
System easy-to-read display
Hypoguard Corporation
(800-888-5857)
Assure Hypoguard 10 30-550 35 Assure Whole blood 180
Select GT Hypoguard 2 30-600 Within 50 Seleca1GT Plasma or 100
whole blood
Lifescan Corporation
(800-227-3862)
Fast Take 15 20-600 15 Fast Take Plasma 150 (dateftime) Capillary-action strip
One Touch Basic 10+ 0-600 45 One Touch Whole blood 75 {date/time}
One Touch Profile 10+ 0-600 45 One Touch Whole blood 250 (date/time)
Sure Step 10-35 0-500 Avg. 30 Sure Step Plasma 150 (date/time) Blood drop is smeared directly
on strip
Ultra 1 20-600 5 Ultra Plasma 150 Capillary-action strip; alternative
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LXN Corporation
(888-596-8378)

Duet (LXN) Glucose 10 20-600 8-30 Duet Glucose  Whole blood 200 glucose, Measures fructosamine (gluco-
Glucoprotein 25 50 glucoprotein protein) as well
In Charge (LXN} 6 20-600 5-20 In Charge Plasma 200 glucose, Measures fructosamine (gluco-
Glucose 50 glucoprotein protein} as well
Medisense (Abbott)
(800-527-3339)
ExacTech RSG 10-50 40-450 30 ExacTech RSG Whole Blood 1
Precision Extra 3.5 20-600 20 Precision Extra Plasma 450 (date/time)
Precision QID 3.5 20-600 20 Precision QID  Plasma 10 meter,
125 software
Sof-Tact 1Q 3 15 Plasma
Roche Diagnostics
(800-858-8072)
Accu-Chek Advan- 9 10-600 40 Advantage Plasma 100 (date/time) Advantage top-load, Comfort
tage 4 Comfort Curve capillary-action strips;
Curve large, easy-to-read display
Accu-Chek Complete 9 10-600 40 Advantage Plasma or 1000 More complete data man-
4 Comfort whole blood agement
Curve
Therasense
(888-522-5226)
FreeStyle 0.3 20-500 15 TheraSense Plasma 250 (date/time) Capillary-action strip; alternative

site options

Visual-read test strips

Bayer Corporation (800-348-8100)
Glucostix Reagent Strips

Roche Diagnostics (800-858-8072)
Chemstrip BG
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40 Costello

strip. Talking meters are available. State associations for the visually impaired
are excellent resources for training and product information.

Recommended SBGM Test Frequency

Experience has shown that frequent monitoring augments patients’ ability to meet
their treatment goals and provides the needed feedback to pursue self-manage-
ment. Still, the times and frequency of testing vary widely among individual
patients, depending on their treatment goals, treatment regimen and its complex-
ity, motivation, variability of dietary and exercise habits, physical and cognitive
abilities, financial constraints, and concerns for hypoglycemia. It is generally rec-
ommended that patients test often enough to be familiar with their usual glycemia
pattern, including testing under various dietary, work, and exercise conditions.
The most common practice is testing before meals and at bedtime, and occasion-
ally between 1 and 3 a.M. Also, 2-hour post-meal testing is being increasingly
recommended to ascertain postprandial glucose control, especially in patients
taking rapid-acting insulin analogs or oral agents such as Repaglinide and Nateg-
linide. All patients should have testing equipment and supplies on hand, and
know how 1o use them, even il used only for emergent situations.

Common Testing Patterns

¢ Stable-diet-controlled—test pre-breakfast and 2 hours post-breakfast or
dinner two or three times per week.

o Oral agents alone or insulin/orals combination therapy—pre-breakfast four
to seven times per week, pre-lunch two or three times per week, 2 hours
post-breakfast or -dinner two or three times per week.

e Insulin therapy—the frequency is based somewhat on the insulin regimen
and blood sugar stability:

One daily injection—one to three tests daily (at Jeast two recommended).

Two daily injections—four tests daily (before meals and at bedtime).
Stable patients on fixed doses can perform four times per day, three
days a week, including some weekends.

Intensive therapy (multiple injections or insulin pump)—four to seven
times per day. Stabilized patients on fixed insulin doses may test four
times daily three days per week, including a weekend day.

e Patients with asymptomatic nocturnal hypoglycemia should pertorm their
bedtime fingerstick measurement 1'/2 hours after their evening snack. They
should also check between | A.M. and 3 a.m. on days following unusual
exercise.

¢ Patients who test infrequently should increase the frequency when ill, trav-
eling, changing daily routine, or having problems with hypo- or hyperglyce-
mia, or after intense exercise.
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Insulin-Delivery and Glucose-Monitoring Methods 41

Technique for Self-Blood-Glucose Monitoring

1.

7.

It is recommended that hands be washed to remove any food or chemi-
cal residue. Infections are rare with fingersticks. Washing also in-
creases the circulation, which can help if obtaining an adequate sample
is a problem. Alcohol is not recommended because it toughens the
skin.

Remove a test strip from the vial and recap immediately. Exposure to
air and light can damage strips in as little as an hour.

Turn meter on, and prepare the lancet device and a strip according to
the manufacturer’s directions. Lancet devices should be used to de-
crease lissue trauma and discomfort. Newer models have adjustable
depth penetration. Lancets and lancet devices should never be shared;
there are reported cases of communicable diseases spread via lancet
devices.

Shake hand at side below waist and milk the finger to be pricked if
needed. Place the tip of the lancet on the side of the finger opposite
the nail bed with firm pressure, and release the button. Because the
sides of the fingers have fewer nerve endings than the tips, they are
less sensitive. Meters that allow for alternative test sites, most com-
monly the forearm, have recently become available. However, some
patients find it difficult to obtain an adequate sample at the alternative
sites. It is advisable to have patients demonstrate their technique before
prescribing any meter, especially when alternative sites are to be used.
Once the site has been lanced, gently squeezing the finger is generally
adequate to obtain a drop. If not, running the finger under warm water
and milking it prior to lancing the finger followed by lowering the hand
almost to the floor while squeezing usually works.

Place the sample on the strip as directed. If the strip is not completely
covered, the meter may report inaccurate results. Too small a blood
drop is the most common cause of sampling error, although this hap-
pens less often with the newer meters, which require less blood, and
also with the advent of capillary-action strips.

Record test results, including interpretation comments.

Record Keeping

Record keeping is a critical part of diabetes self-care. Patients often rely on the
meter memory to store information for their provider instead of writing down
results. However, the meter memory is not a replacement for a written record.
Ideally, the blood glucose values should be analyzed by the patient on an ongoing
basis to determine the adequacy of glycemic control, and to make adjustments
in insulin doses when necessary. This requires comparing several days’ results
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42 Costello

to look for recurring problems that suggest a need to change the insulin doses
(so-called pattern management), which underscores the need for a written record.
An underutilized part of the record is the comment section in which pertinent
information should be recorded. Comments about unusual diet, activity, stress,
or medication changes can help to determine the cause of abnormal blood glucose
values and the effectiveness of corrective actions. Also, it is important that the
provider review the glucose log at each visit as this can increase patient motiva-
tion and aid in their learning how to solve problems and self-manage. Thus,
regularly recording and analyzing their blood glucose values allows patients to
become proactive rather than reactive in their diabetes management.

Noncompliance is an overused word. If an individual does not test or keep
written records, exploring his or her reasons in a nonjudgmental way can provide
insight. Common causes include inadequate cducation as to the importance of
SBGM, testing burnout, frustration at test results, cost, discomfort, inconvenience
of carrying equipment or taking the time to test, hiding the diagnosis from others,
and denial. Monitoring can elicit unpleasant emotions from patients who view
their results as unacceptable. These patients may need counseling to help them
understand that their results are a feedback tool for problem solving, not a reflec-
tion of themselves for overly critical self-judgment.

Meter Accuracy

Patients may question the accuracy of their meter after comparing the results
of tests done simultaneously on two different glucose meters. Questions to ask
include:

e Are the test strips within the expiration date, and have they been stored
properly?

e Has fresh control fluid been used to check the system? Most vials of control
fluid expire 3 months after being opened. Often patients have not been
taught the purpose or technique of quality-control testing. It is useful to
keep contro] fluids for commonly used meters in the office and to check
meters with questionable accuracy.

e [s their meter coded correctly for the currently used strips? Most meters
must be recoded each time a new vial of strips is opened.

¢ Did the patient obtain an adequate drop of blood and properly apply the
sample? Inadequate samples are the most conunon cause of inaccurate re-
sults. It is advised that each patient’s technique be checked regularly. For
patients who have trouble getting an adequate sample, the newer meters
that use capillary action to obtain the sample are usually preferable to the
traditional hanging-drop method.

e s the patient aware of anything that might have damaged the meter?

e [s the patient comparing whole-blood and plasma-read meters? Comparing
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Insulin-Delivery and Glucose-Monitoring Methods 43

a meter’s resnlts with a lab measured plasma glucose is the only valid
method for determining accuracy—a variance of less than 20% is consid-
ered acceptable meter performance. However, glucose meters use whole
blood, and vein-drawn lab samples use the plasma portion. Newer meters
maostly report plasma glucose measurements, but there are still many on
the market that report whole-blood results, which are approximately 12%
lower. Each mode of measurement is considered accurate. However, meters
that report plasma results are generally preferable for patients in intensive
treatment programs to allow easier matching of meter-read and lab-mea-
sured glycemia values, Also, a useful practice for patients who have more
than one meter is to use the same brand or at least the same manufacturer
for ease in comparing results,

SICK-DAY MANAGEMENT

All diabetic patients should increase their monitoring of blood glucose—npatients
with type 1 diabetes should also start urine ketone measurements—during susH
pected or acute illness. Often glycemia values will increase before there are signs
and symptoms of a developing illness. Patients need to be given specific instruc-
tions on how to monitor and adjust their therapy during periods of illness (**sick-
day rules’’).

Blood glucose should be checked every 2 to 4 hours, or until the symptoms
diminish.

Urine ketones should be tested at Teast every 4 hours during acute illness,
Increased nsulin is often needed (10-20%). This must be stressed with
patients who often want to reduce or eliminate their dosage because they
are vomiling and not eating, and do not understand the body’s need for
more insulin when under stress, even if carbohydrate intake is decreased.
Insulin omission is a common cause of diabetic ketoacidosis (DKA).
Adequate hydration is critical. Patients should drink 8 ounces of calonie-
free fluids (e.g., water, broth, or diet drinks) every hour while they are
awake. Also useful are fAuids that contain electrolytes, such as canned clear
soups, bouillon, consommé, and sports drinks. A ““sipping diel’’ consisting
of 15 grams of carbohydrates, such as Gatorade every 1 to 2 hours, can be
effective in patients with nausea and vomiting. Caffeine is a diuretic and
should be avoided. Antiemetics or i.v. Auids may also be needed.

Many over-the-counter cough and cold medications contain sugar angd alco-
hol, and can increase blood glucose. Advise patients to use sugar-free prep-
arations if available.

Most sitnations can be managed by phone if the patient is monitoring and
reporting his status. However, patients are often reluctant to contact their
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provider until symptoms are severe. They should be instructed to contact
their provider when:

They vomit more than once.

Diarrhea persists for more than 24 hours or occurs five times or more.

Blood glucose levels are higher than 300 mg/dl on two consecutive mea-
surements which do not respond to insulin.

They observe moderate or large ketones.

They have unexplained chest pain and/or difficulty in breathing.

They should be seen for medical evaluation if:

They are unable to tolerate fluids or have persistent vomiting or diarrhea.

They report progressive weakness.

They are experiencing rapid and labored respirations or other significant
difficulty in breathing.

There is a change in mental status.

Moderate or large urinary ketones do not improve after 12—24 hours of
treatment.

Urine Ketone Testing

Urine ketone testing is often overlooked, but it is an essential part of care for
patients with type 1 diabetes. The individually foil-wrapped strips are convenient
to carry. Type 2 diabetes patients are normally ketosis-resistant, but during pe-
riods of severe trauma, infection, or illness can become ketotic and even develop
full-blown DKA. Thus, a useful practice is to have all diabetic patients monitor
urine ketones during severe illness.

Patients with type 1 diabetes should check urine ketones when their blood
sugars are consistently over 240 mg/dl. This is especially critical for pa-
tients on insulin pumps since it may indicate malfunction of their pump
delivery system.

Pregnant women (including those with gestational diabetes) are advised to
monitor urine ketones every morning.

Positive urinary ketones do not always indicate sickness. Ketones are a
byproduct of fat metabolism, and their presence with normal blood sugars
can indicate fat mobilization in a patient who is actively trying to lose
weight by restricting calories. However, patients with type 1 diabetes who
are restricting their calories for weight management may also restrict their
insulin, resulting in metabolic decompensation and DKA in the absence of
marked hyperglycemia. This is especially common in teenage girls who
desire rapid weight loss such as during prom season. Thus, patients should
carefully monitor urinary ketones and glycemia during periods of caloric
restriction.
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Nutrition Assessment and Therapy

Linda Tilton

Vermont Regional Diabetes Center, Fletcher Allen Health Care,
University of Vermont College of Medicine, Burlington, Vermont

INTRODUCTION

Nutrition therapy is a key component of the American Diabetes Association’s
(ADA) diabetes-care and self-management guidelines for patients with diabetes
who are receiving insulin therapy. Nutrition assessment, along with the develop-
ment and implementation of individualized nutrition goals and meal-planning
guidelines, is as important to the successful management of diabetic patients
treated with insulin as it is for patients who manage their diabetes with diet and
exercise or oral medications. Although essential to optimal diabetes care, follow-
ing nutrition recommendations and meal-planning strategies can often be the most
challenging part of diabetes self-management for patients.

Diabetic patients treated with insulin find it difficult to understand and fol-
low the nutrition component of their diabetes management plan for many reasons.
Some examples of those reasons are:

¢ Diabetic patients and health-care practitioners often do not understand the
current ADA nutrition recommendations.

e Health-care practitioners often do not emphasize nutrition therapy for dia-
betic patients treated with insulin.

¢ Diabetic patients often do not receive education on nutrition management
of diabetes in the primary-care setting.

47
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48 Tilton

e Many diabetic patients find it difficult to follow a meal plan that they per-
ceive limits their food choices.

As a result of these factors, many diabetic patients treated with insulin therapy
do not optimize the nutrition component of diabetes management (1).

HISTORICAL PERSPECTIVE

The ADA’s nutrition recommendations for diabetes management have changed
a great deal since the first recommendations were introduced in the 1920s. Some
of the more recent changes directly contradict long-established standards of dia-
betes nutrition care.

In 1971, the ADA’s nutrition recommendations for diabetes management
called for a moderate carbohydrate intake of approximately 45% of total calories,
20% of calories from protein, and 35% from fat. Diabetic patients were encour-
aged to avoid sucrose and concentrated sweets; however, little emphasis was
placed on the amount of protein and both total and saturated fat included in the
diet. In 1986, the ADA’s nutrition recommendations were revised to encourage
a carbohydrate intake of approximately 60% ol calories, along with reductions
in protein and fat intake to 12-20% and less than 30% of total calories, respec-
tively. The amount of protein and fat recommended in the meal plan was de-
creased to limit the risk of cardiac and renal complications of diabetes. Patients
with diabetes were also encouraged to consume a diet high in fiber and to limit
their intake of sucrose and foods that contained sugar (2).

In 1994, the ADA significantly revised its nutrition recommendations for
diabetes management to reflect current research that indicated good blood glucose
control can be achieved with varying percentages of calories from carbohydrate,
protein, and fat in the meal plan. The ADA’s nutrition recommendations currently
emphasize a flexible approach to the nutrition prescription, with a meal plan that
includes varying amounts of macronutrients based on a nutrition assessment and
individualized treatment goals. Sucrose and foods containing sugar can now be
consumed as part of the total carbohydrate content of the meal plan. Diabetic
patients are also encouraged Lo moderate the amount of protein and limit both
the total fat content and the amount of saturated fat in their diet (2).

These repeated revisions have resulied in confusion for health-care prac-
titioners and patients, which often limits a diabetic patient’s ability to optimize
his or her diabetes control.

ADA RECOMMENDATIONS

Although controversy continues to exist concerning the ideal percentage of pro-
tein, carbohydrate, and fat for a diabetic patient’s nutrition prescription, nutrition
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therapy is recognized as a key component of the successful management of insu-
lin-treated diabetic patients. There is now general agreement that a generic dia-
betic diet that applies to all patients with diabetes simply does not exist. Physi-
cians or health-care practitioners should no longer give their diabetic patients
standardized preprinted meal plans, with a one-size-fits-all calorie level and car-
bohydrate, protein, and fat percentages, without an assessment of their current
food intake, exercise habits, and diabetes treatment goals. Current ADA guide-
lines focus on the development of individual nutrition goals and meal plans (3).
The current ADA guidelines for macronutrients are listed below (2).

e Protein
10-20% of total calories in patients without nephropathy
In patients with overt nephropathy a limitation of protein intake to the
Recommended Dietary Allowance (RDA) for adults of 0.8 g/kg/day
e TFat
Approximately 30% of total calories, with the exact percentage based
on lipid levels and weight-management goals
Saturated fat less than 10% of total calories, less that 7% if LDL choles-
terol is elevated
Cholesterol less than 300 mg/day, less than 200 mg/day if LDL choles-
terol is elevated
e Carbohydrate
The percentage of total calories will vary based on treatment goals
Makes up the remainder of calories after protein and fat percentages are
met
Sucrose and foods containing sugar may be included as part of the carbo-
hydrate content of the meal plan

THE ROLE OF THE REGISTERED DIETITIAN

The dietitian works in collaboration with the physician, nurse practitioner, physi-
cian’s assistant, diabetes nurse educator, and patient as part of the diabetes man-
agement team. The role of the dietitian is to assess the patient’s present nutritional
status, body weight, food intake, and exercise level, along with the patient’s readi-
ness and ability to make behavior changes related to his or her present food
choices and exercise habits. An individualized assessment by a registered dieti-
tian with training and expertise in diabetes self-management is the basis for the
development and implementation of individualized nutrition treatment goals and
meal plans.

After the initial assessment, the dictitian works closely with the patient and
the other members of the diabetes management team to establish and prioritize
goals, and then to develop strategies to achieve those goals. As an effective coun-
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selor, the registered dietitian must include the patient in the process of developing
nutrition goals and the individualized meal plan. It is important for the dietitian
to provide close patent follow-up and to help motivate the behavior changes
needed to optimize the patient’s glycemic control (3).

GOALS OF NUTRITION THERAPY

Nutrition goals for the insulin-treated diabetic patient are based on 1) the behavior
changes that the individual with diabetes is willing and able to make and 2) the
type of insulin program the patient is following. Goals are based on a patient’s
blood glucose, HbA ., serum lipid, blood pressure, and body weight goals. The
type of insulin program is also an important consideration in the development
of nutrition goals and the initiation of an individualized meal plan.

Achievement of nutrition goals is measured by assessing objective out-
comes, such as self-monitored blood glucose levels or changes in HbA,, and
serum lipid levels, and changes in body weight and exercise habits. If diabetes
management goals are not achieved, the diabetes management team then re-evalu-
ates the plan.

The overall goal of nutrition therapy in the insulin-treated diabetic patient
(as in all patients with diabetes) is to assist the patient in making diet and exercise
changes to improve metabolic control of his or her disease. The specific goals
of nutrition therapy are as follows (2):

e To balance food intake and activity level with insulin and oral medications,
if applicable, to achieve and maintain near normal blood glucose levels

e To achieve and maintain optimal serum lipid levels

¢ To achieve and maintain a reasonable body weight in adults; provide ade-
quate calories for normal growth and development in children and adoles-
cents; and meet the increased nutritional needs of pregnancy, lactation, and
illness

e To prevent and treat the acute complications of diabetes such as hypoglyce-
mia and the long-term complications such as cardiac and renal disease

¢ To improve overall health through optimal nutrition

NUTRITION STRATEGIES FOR INSULIN THERAPY

Strategies for nutrition management as part of insulin therapy will vary based on
whether the patient has type | or type 2 diabetes and whether he or she is follow-
ing a conventional or intensive insulin program (2).

In either case, an individualized meal plan based on the patient’s food
preferences and usual pattern of daily meals and snacks should be developed
with a registered dietitian, and agreed to by the patient prior to inijtiating insulin
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therapy. It is important for the patient to consistently follow the meal plan
as the insulin program is initiated and insulin doses are adjusted. Consistent
timing of meals and snacks as well as the quantity of foods consumed (espe-
cially carbohydrates) will help to optimize glycemic control. As the patient
learns the onsct, peak, and duration of his or her insuling, adjustments can be
made in the meal plan, insulin program, or both to achieve target blood glucose
levels (2).

NUTRITION STRATEGIES FOR TYPE 1 DIABETES

The goals of nutrition therapy for the type 1 diabetic patient are listed in Table
I. The usual food intake and exercise habits should be determined prior to the
initiation of either conventional or intensive insulin therapy, because it is impor-
tant to integrate insulin therapy into the patient’s accustomed routine. Itis recom-
mended that all patients starting insulin therapy meet with a registered dietitian
to develop an individualized meal plan that incorporates their food preferences,
usual pattern of meals and snacks, and exercise habits. Aninitial meal plan should

TaBLE 1 Goals for Nutrition Strategies

Type 1 diabetes

Type 2 diabetes

The ideal meal plan integrates insu-
lin therapy into usual eating and
exercise habits

Patients on conventional insulin
therapy need to eat at consistent
times to coordinate with the ac-
tion time of insulin

Adequate calories should be pro-
vided to maintain a reasonable
body weight in adults and meet
the nutritional needs for growth,
development, pregnancy, lacta-
tion, and illness

Patients learn to adjust insulin
doses by evaluating blood glu-
cose patierns

Patients on intensive insulin regi-
mens have more flexibility in tim-
ing of meals and snacks and the
amount of food eaten

Primary nutrition goals are to
achieve and maintain normal
blood glucose and lipid levels,
and to control blood pressure

Spread food intake, especially of
carbohydrates, throughout the
day

Maoderate calorie restriction and
weight reduction; weight goals
based on a reasonable body
weight, not ideal body weight; in-
creased physical activity and ex-
ercise level

Monitor blood glucose levels to de-
termine whether goals are
achieved

Nutrition and exercise remain pri-
mary therapy, even when oral
medication and/or insulin are
added
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be developed and communicated to the provider initiating the insulin therapy so
that the insulin program can be tailored to the patient’s usual patterns of eating
and exercise. Patients with type 1 diabetes on a conventional insulin program,
such as twice-daily injections of short- and intermediate-acting insulin, should
exercise and eat their meals and snacks at the same time each day so that the
insulin action can be coordinated with their food intake and activity levels. Fol-
lowing a consistent meal plan and exercise program will help optimize glycemic
control and decrease the risk of hypoglycemic events in the patient following a
conventional insulin program (4).

Type 1 diabetic patients following conventional insulin-therapy programs
need to monitor their blood glucose levels, as instructed by their physician or
health-care practitioner, to identify blood glucose patterns. Blood glucose patterns
are then used to adjust insulin doses and modify the insulin program or meal
plan to achieve target blood glucose levels and glycemic control. Although many
newly diagnosed type 1 diabetic patients are well managed on a conventional
insulin program, many patients change to an intensive insulin program to achieve
blood glucose goals and increase the flexibility of their food choices and lifestyle.
Intensive insulin therapy allows the patient more flexibility in the timing of meals
and exercise as well as in the composition of meals, and the ability to minimize
or eliminate snacks. Intensive insulin programs include multiple daily injections
with basal insulin and rapid- or short-acting pre-meal insulin or the use of an
insulin pump with rapid- or short-acting insulin given as a pre-meal bolus. The
amount of pre-meal rapid- or short-acting insulin can be adjusted based on
the amount of food eaten (specifically, the carbohydrate content of the meal),
the addition of snacks, and changes in exercise or activity levels. The patient can
choose if and when to eat a meal or snack and use an algorithm or a carbohydrate-
to-insulin ratio to calculate his or her pre-meal dose of rapid- or short-acting
insulin (4). While a meal plan is often used as a guide to food choices, the patient
who selects intensive therapy is able to enjoy flexibility of food choices and
variability in the timing of meals, snacks, and exercise that would not be possible
on a conventional insulin program.

NUTRITION STRATEGIES FOR TYPE 2 DIABETES

Nutrition therapy is a key component of the management of type 2 diabetes.
Because type 2 diabetes is a complex and diverse disease, it is important that
nutrition therapy be individualized for each patient and based on specific goals
to improve metabolic control. The goals of nutrition therapy for the type 2 dia-
betic patient are listed in Table |. Reduction in calorie intake, moderate weight
loss, and maintenance of a rcasonable body weight are all effective nutrition
strategies to improve metabolic control in the overweight type 2 diabetic patient.
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A moderate weight loss of 5—10 kg (approximately 10-20 Ib), regardless of initial
weight, has been shown to improve glycemic control and to reduce serum lipid
levels and blood pressure (2). For this reason, weight control continues to be an
important strategy in nutrition management of type 2 diabetes.

Patients often experience difficulty in achieving weight loss and main-
taining a reasonable body weight through traditional nutrition strategies, such as
calorie-restricted diets. Therefore, the focus of nutrition therapy for type 2 diabe-
tes is on achieving target blood glucose levels and improving metabolic control.
Type 2 diabetic patients should be encouraged to monitor blood glucose levels
because nutrition therapy and lifestyle changes often have a positive effect on
blood glucose levels before weight loss goals are achieved. The focus of nutrition
assessment and therapy for type 2 diabetes is to identify a reasonable body weight
for the patient, and to encourage diet and lifestyle changes to achieve and main-
tain weight loss goals, blood glucose targets, and blood-pressure levels, and to
improve metabolic control. Nutrition strategies encourage a moderate reduction
in daily calorie intake, usually a reduction of 250—500 calories per day from the
patient’s usual daily intake, as assessed by a registered dietitian. In addition to
nutrition therapy, a regular program of exercise is also encouraged to promote
weight loss, achieve target blood glucose levels, and optimize metabolic control
of type 2 diabetes. Increased physical activity can help to decrease insulin resis-
tance, lower blood glucose levels, and improve overall health in addition to facili-
tating weight loss.

Because of the complex and diverse nature of type 2 diabeles, it is important
to individualize the macronutrient composition of the meal plan based on each
patient’s goals, to improve metabolic control and limit long-term complications
of the disease. In patients with hyperlipidemia, a reduction in both total and satu-
rated-fal intake is usually recommended to help achieve serum lipid goals and
decrease the risk of cardiac disease. A usecful nutrition strategy to both optimize
blood glucose control and improve serum lipid levels is to reduce the carbohy-
drate content of the diet to 40-45% of calories and to space meals and snacks
throughout the day. Because carbohydrate-containing foods have the largest ef-
fect on blood glucose levels, blood glucose control can often be improved by
spacing the carbohydrate intake at regular intervals. These meal-planning strate-
gies can limit the rise in blood glucose levels after meals and snacks and optimize
the benefits of endogenous insulin production and hypoglycemic medications in
blood glucose control. The results of blood glucose monitoring are often used to
adjust the amount of carbohydrates consumed and the timing of meals and snacks
to achieve target blood glucose levels (5).

Because many type 2 diabetic patients are unable to achieve optimal meta-
bolic and glycemic control through dict and exercise modifications and oral medi-
cations, insulin therapy is often started. However, it is important for both the
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patient and the health-care practitioner to recognize the continued henefits of]
dict, exercise, and lifestyle modifications—too often, patients and health-care
practitioners place less emphasis on meal planning and exercise after a type 2
diabetic patient is started on insulin therapy. The key to achieving blood glucose
targets with the addition of insulin therapy is for the patient to follow a meal
plan with a consistent carbohydrate intake and to eat and exercise at consistent
times each day. Consistent food intake and exercise habits will help match blood
glucose levels with the action of hypoglycemic medications and insulin to achieve
target blood glucose levels and limit hypoglycemic reactions (5).

MEAL-PLANNING STRATEGIES

A meal plan is an individualized guide to daily foed choices that incorporates
an individual’s food preferences, blood glucose targets, and nutrition geals of
diabetes management. A meal plan is designed to achieve blood glucose goals
by matching food intake—specifically, carbohydrate foods—to the action of oral
medications and endogenous or exogenous insulin. An individualized meal plan
also incorporates other specific nutrition goals, such as a reduction in calorie
level or total and saturated-fat intake to promote weight loss or control serum
lipid levels.

There is no one specific approach to meal planning that will meet the needs
and nutrition goals of all diabetic patients. As part of the initial nutrition assess-
ment, the registered dietitian determines the optimal meal-planning approach
based on the needs and goals of the patient. The plan should be easily understood
by the patient and serve as a useful guide to his or her daily food choices. Meal-
planning methods are an important tool to help optimize glycemic and metabolic
control for type 1 or type 2 diabetic patients on insulin therapy. Frequently used
meal-planning methods are listed in Table 2.

Patients often begin diabetic meal planning with a simplified approach to
their daily food choices based on a modification of the USDA Food Guide Pyra-
mid (see Figure ). First Steps in Diabetic Meal Planning is a pamphlet (devel-
oped jointly in 1995 by the American Dietetic Association and the American
Diabetes Association) that bases the choice of food groups and portion control
on the Food Guide Pyramid (6). Many diabetic patients quickly learn to use this

TasLE 2 Meal-Planning Methods

Food Guide Pyramid
Exchange-List-based meal plans
Consistent-carbohydrate meal plans
Carbohydrate counting
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Eats,
Sweets
& Alcohol

Milk
{2-3 servings)

Meat &
Others

Aserving can | (2-3 servings)
be: A serving can he:
L cup milk 1-3 oz cooked lean
1 cup yogurt teear, pouliey, or
Iish
¥ - Y cup tuha or
comage cheesc
1egu
2 tbsp peanut butter
Vegetablies Fruits

{3-3 setvings)
A serving can be:
1 Cup raw vegailables
¥ cup caoked vegelables
¥ qup lomalto or
vegclable juice

{3-4 servings)

A serving can be:
1 small fresh fruit
% cup raaped frun
Y4 cup dried [ruit
s cup frunt juice

A serving can be:

1 slice bread

% small bagel, English muffin, pila
bread, hamburger ar hot dog bun

1 §-inch tortilla

4.6 crackers

Y cup dry cereal

Grains / Beans / Starchy Vepetables
{6 oT mgre servings)

¥4 cup cooked cereal, pasta,
bulgur. ar rice

'/t cup cooked beans, lentils,
peas. or com

1 small potato

1 cup winter squash

174 gup sweet potato

Ficure 1 USDA Food Guide Pyramid.

pamphlet as a guide to their daily food choices. An individualized diabetic meal
plan can be developed by the registered dietitian to identify healthy foed choices
and specify portions of each food group at meals and snacks. Meals and snacks
can be planned with a consistent carbohydrate content spaced throughout the day
to match food intake with the peak action of insulin therapy. The Food Guide
Pyramid can also be used to achieve other nutrition goals such as weight Joss
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and controlling serum lipid levels by identifying portion size and emphasizing
low-fat food choices and limited intake of added fats.

As patients move to more intensive diabetes management, they usually
progress (o a more intensive program of insulin therapy that includes more fre-
quent injections and a combination of different types of insulin to achieve target
blood glucose levels. A mare individualized and detailed system of meal planning
is often required. The American Diabetes Association Exchange Lists for Meal
Planning (see Table 3) form the basis for carbohydrate counting and are f{re-
quently used when a patient desires a meal-planning appreach that provides more
detailed information an the macrenutrient content of each food group and a more
precise system for measuring food portions. The Exchange Lists for Meal Plan-
ning were revised in 1995 to combine the starch, fruit, and milk groups, along
with the new other-carbohydrate group containing sweets and snack foods, into
the Carbohydrate Group. The Meat and Meat Subsitute Group was divided into
categories of very lean, lean, medium, and high-fat, and the Fat Group was broken
down inte monounsaturated, polyunsaturated, and saturated lists 1o encourage a
decreased intake of both total and saturaled fal (7).

The Exchange Lists for Meal Planning encourage flexibility in food choices
and provide a more precise system of portion control to match the carbohydrate
content of meals and snacks with the jnsulin therapy. These are used to more,
precisely define the carbohydrate content of each meal and snack for more effec-
tive use of the patient’s intensified insulin program. The calorie level along with!
the protein and both total and saturated-fat content of the meal plan can be more
precisely defined using the exchange system.

“‘Carbohydrate counting’ is a meal-planning system in which the primary
emphasis is placed on the total carbohydrate content of foods rather than on other
macronutrients. The tolal carbohydrate content of meals and snacks, regardless
of the carbohydrate source, is assumed to have a greater effect on postprandial
blood glucose levels than protein and fat do. Meal plans are developed with a

TaBLE 3 Nutrient Content of Exchange Groups

Exchange group Carbohydrate {g)  Protein {(g)  Fat (g)
Starch 15 3 Trace
Fruit 15 a 0
Milk {skim) 12 8 0
Other carbohydrates 15 Varies Varies
Vegetables 5 2 0
Meat (lean) 0 7 3
Fat 0 0 5

Source: Ref. 8.
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consistent carbohydrate content at each meal and snack to achieve target blood
glucose levels and to form a basis for adjustments in insulin therapy. The total
carbohydrate content of the meal or snack determines the amount of rapid- or
short-acting insulin required for blood glucose control, while the intermediate-
or long-acting insulin covers the glycemic cffect of protein and fat intake. Adjust-
ments in insulin therapy are made based on carbohydrate intake at meals and
snacks, along with the results of blood glucose monitoring to achieve target blood
glucose levels.

The carbohydrate content of each tood is precisely measured by either
counting carbohydrate grams or using a modification of the American Diabetes
Association exchange system based on carbohydrate groups or exchanges (8).
Patients choose to count either carbohydrate grams or carbohydrate groups in
which one carbohydrate group is equal to 15 grams of carbohydrate. Mcal plan-
ning is simplified because food selection is focused primarily on carbohydrates,
and postprandial blood glucose levels are more consistent as a result of the more
precise method to determine carbohydrate intake. Carbohydrate counting can be
used to ensure a consistent carbohydrate intake for a diabetic patient on conven-
tional insulin therapy or to make adjustments in pre-meal rapid- or short-acting
insulin doses based on the amount of carbohydrate consumed by patients on inten-
sive insulin programs.

HYPOGLYCEMIA ASSOCIATED WITH INSULIN THERAPY

A hypoglycemic reaction can vary in severity and may occur in anyone with
diabetes. Insulin therapy significantly increases the risk, incidence, and severity
of hypoglycemic reactions.

Hypoglycemia can be the result of too much insulin, too little food (i.e.,
skipped or delayed meals and snacks), alcohol intake, or exercise. It can often
be prevented by monitoring blood glucose levels, taking insulin and oral medica-
tions as prescribed, following a meal plan, limiting alcohol intake, and planning
extra snacks if needed to cover the hypoglycemic effects of exercise. The symp-
toms of hypoglycemia include hunger, headache, irritability, confusion, lethargy,
and, in severe cases, seizure or loss of consciousness. Patients treated with insulin
or oral hypoglycemic medications should know how to recognize and promptly
treat hypoglycemic reactions.

Hypoglycemia should be treated immediately if the blood glucose level is
less than 70 mg/dl, even if the patient is not experiencing symptoms. The pa-
tient’s first step in treating hypoglycemia is to check his or her blood glucose
level if possible. Foods and beverages that contain quick-acting carbohydrates
arc recommended to treat hypoglycemic reactions because foods that are high in
fat take longer to elevate blood glucose levels. Patients should always keep a
source of quick-acting carbohydrate on hand to treat hypoglycemic reactions. If
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TaBLE 4 Foods Containing 15 Grams of
Carbohydrate for Treating Hypoglycemia

Food source Amount
Glucose tablets Three or four
Glucose gel 1 tube

Hard candy 4-6 pieces
Fruit juice 4 oz

Sports drinks 8 oz

Honey or corn syrup 1 tbsp
Raisins 2 tbsp

Skim milk 8oz

Regular {non-diet) soda 4 oz

the blood glucose level is between 50 and 70 mg/dl, the patient will need to
consume a food or beverage containing 15 grams of quick-acting carbohydrate.
Examples of such foods and beverages and the appropriate amount to consume
are listed in Table 4. This treatment should increase the blood glucose level by
30-45 mg/dl over 15 minutes.

If the initial blood glucose level is less than 50 mg/dl, 30 grams of quick-
acting carbohydrate should be consumed. The blood glucose level should be re-
checked after 15 minutes and an additional 15 grams of quick-acting carbohydrate
consumed if the blood glucose level is stll below 70 mg/dl. If a meal is not
planned within 1-2 hours of treating a hypoglycemic reaction, a snack containing
15-30 grams of carbohydrate should be consumed to prevent another hypoglyce-
mic reaction. For many years, consuming a protein-containing snack was recom-
mended to prevent recurrent hypoglycemia. However, current guidelines indicate
that this is not necessary (4).

SUMMARY

Nutrition therapy is a key component to the successful management of diabetes
treated with insulin therapy. Whether a patient has type 1 or type 2 diabetes,
nutrition assessment along with the development of individualized nutrition treat-
ment goals, and meal plans to achieve those goals, is crucial to the successful
initiation of insulin therapy. There is no longer one single generic diabetic diet
or one approach to meal planning that will meet the needs of all diabetic patients.
The overall goal of nutrition therapy is to improve metabolic control. To this end
it is recommended that nutrition therapy be individualized for all diabetic patients
and based on specific goals to improve metabolic control.
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Physiology of Glucose Homeostasis
and Insulin Secretion

Robert A. Ritzel and Peter C. Butler
University of Southern California, Los Angeles, Califomia

INTRODUCTION

In health, blood glucose concentration is closely regulated. Since low blood sugar
is life-threatening, it is not surprising that there are numerous mechanisms to
prevent hypoglycemia (1). There are fewer systems in place to prevent hypergly-
cemia, explaining the relatively high frequency of the clinical syndrome of diabe-
tes mellitus. In this chapter we first review the metabolic pathways that regulate
glucose metabolism. We then review the regulation of insulin secretion and, fi-
nally, examine how these processes are coordinated to maintain blood glucose
concentration in the fasting and fed states.

METABOLIC PATHWAYS

Blood glucose is constantly being removed into tissues and simultaneously re-
plenished, in a process called glucose turnover. Glucose can enter the blood by
absorption from the gut following a meal, or be released from the liver into the
blood. Glucose released from the liver is either mobilized from glycogen stores
(glycogenolysis) or newly synthesized (gluconeogenesis). Together, glycogenol-
ysis and gluconeogenesis constitute hepatic glucose release.

61
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62 Ritzel and Butler

TaBLe 1 Hormonal Control of Glucose Homeostasis

Growth
Effect Insulin  Glucagon Epinephrine hormone Cortisol
Glucose uptake T { { l l
Glucose production
Glycogenolysis l T T T T
Gluconeogenesis { T T T T

Hepatic Glucose Release

In the overnight fasted state, the liver has ~50 g of glucose stored as glycogen
(2). Glycogen breakdown to glucose-6-phosphate in the liver is stimulated by
glucagon, epinephrine, growth hormone, and cortisol (Table 1) (1). The concen-
tration of these hormones increases with duration of fasting. After ~40 hours of
fasting, the liver glycogen stores are largely depleted and gluconeogenesis be-
comes the predominant source of hepatic glucose release. Gluconeogenesis is the
synthesis of glucose-6-phosphate from three carbon precursors, such as glycerol,
lactate, and amino acids. Both gluconeogenesis and glycogenolysis to generate
glucose-6-phosphate occur in almost all tissues. However, glucose-6-phosphate
cannot be released from the cell into the circulation until the phosphate is re-
moved. The enzyme required to facilitate this (glucose-6-phosphatase) is abun-
dant in liver but not present in fat or muscle. Therefore, in the fasting state almost
all glucose released into the blood arises from the liver (so-called hepatic glucose
release). In health, after an overnight fast the liver releases glucose at ~2 mg/
kg/min, which approximates the rate of glucose uptake (3). In patients with diabe-
tes, fasting hyperglycemia is due to increased hepatic glucose release. The fasting
blood glucose concentration is correlated with the rate of hepatic glucose release,
and so the higher the rate of hepatic glucose release the higher the blood glucose
concentration (4).

1t follows that to decrease the fasting blood glucose concentration to normal
in patients with diabetes it is necessary to decrease the rate of hepatic glucose
release to ~2 mg/kg/min.

Glucose Uptake by Insulin-Sensitive Tissues

Glucose is removed from the blood into the extracellular space by passive diffu-
sion and then into the intracellular space via membrane glucose transporter pro-
teins. Because the glucose concentration in most cells is barely detectable, the
glucose concentration gradient from outside to inside a cell (~90 mg/dl) strongly
favors inward diffusion. However, since glucose is soluble in water but not fat,
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glucose cannot cross the lipid bilayer cell membrane. To allow this, a water
‘‘pore’’ spanning the membrane is required. This barrier to diffusion presents an
opportunity to regulate glucose uptake.

Glucose transport into cells is permitted by glucose transporter proteins,
which span the membrane and provide the aqueous pore through which glucose
can pass (5). Distinct forms of these proteins allow for differential regulation of
glucose uptake in different tissues. For example, in muscle and fat tissue the
glucose-4-transporter protein subtype is predominant. Following exposure to in-
sulin, the glucose-4-transporter proteins rapidly move to the cell surface, allowing
glucose transport into the cell. This action by insulin to stimulate glucose uptake
in tissues with insulin-sensitive glucose-4-transporter proteins defines muscle and
fat as so-called insulin-sensitive tissues.

However, even in insulin-sensitive tissues, insulin levels are not the only
factor that regulates glucose uptake. Exercise also facilitates glucose transporter
availability at the muscle cell membrane, increasing the rate of glucose uptake
(6). Also, the glucose concentration per se regulates the rate of glucose uptake
(7). At any given insulin level, glucose uptake increases with increasing glucose
concentrations (so-called mass action of glucose). The action of glucose to pro-
mote glucose uptake results in increased rates of glucose uptake in diabetic pa-
tients, with hyperglycemia versus nondiabetic controls, provided that at least
some insulin is present (8). This increased rate of glucose uptake matches the
increased rate of hepatic glucose release that has caused the hyperglycemia, with
the net effect that the blood glucose concentration remains stable but high.

Glucose Uptake by Insulin-Independent Tissues

Some glucose transporter isoforms do not require insulin in order to be translo-
cated to the cell membrane. For example, the glucose-2-transporter protein—the
predominant form in the liver and the endocrine pancreas—remains in the cell
membrane independent of insulin action. As a result, glucose is taken up passively
down its concentration gradient into cells by these constantly available glucose
transporter proteins. This allows the liver to take up glucose when the blood
glucose concentration is high after a meal, and so replenish liver glycogen stores.
Likewise, it allows the pancreatic endocrine cells to ‘‘sense’’ the blood glucose
concentration and release insulin (3 cells) and glucagon (o calls) accordingly.

INSULIN SECRETION
Proinsulin Biosynthesis, B-Cell Mass, and Insulin Secretion

Insulin is synthesized in pancreatic B cells, where it is processed from its precur-
sor, proinsulin, into c-peptide (connecting peptide) and insulin (9). Processed
insulin is stored in insulin vesicles. There are ~2000 [ cells in an islet and ~ |
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million islets in the pancreas of an adult human. The B cell is shaped like
a truncated cone, with the base of the cell exposed first to the blood flowing
into the islet capillary bed. The membrane at the base of the cell has the glucose-
2-transporter proteins that permit glucose access to the cell. Metabolism and
oxidation of this glucose to carbon dioxide and water generate ATP. The in-
creased ATP prompts exocytosis of stored insulin vesicles that discharge insu-
lin from the apex of the B cell into the capillary and then into the portal vein.
Although the prevailing glucose concentration is the best-recognized stimu-
lant for insulin secretion, fatty acids are also important regulators of insulin se-
cretion.

Evidence is increasing that the B-cell mass is regulated in adult life with
new islet formation from exocrine ducts as well as B-cell replication within islets
(10). Chronic insulin resistance leads to an adaptive increase in B-cell mass. Ani-
mals and humans with a partial decrease in B-cell mass as a consequence of a
partial pancreatectomy have impaired insulin secretion, with an increased proin-
sulin-to-insulin ratio suggestive of inadequate processing of insulin. Leahy and
colleagues (11) have shown somewhat paradoxically, that partial inhibition of
insulin secretion can overcome diabetes under conditions of decrcased B-cell
mass. This intriguing observation implies that the pattern of insulin release may
be more important than the absolute amount.

Pattern of Insulin Secretion

Insulin secretion has a diurnal rhythm, with an increased rate of secretion during
the day and decreased secretion at night (12). Also, insulin is secreted in both
an ultradian (13) and a high-frequency pulsatile pattern (14). The ultradian pulses
occur with a frequency of one pulse each 40 minutes, a rate that is decreased in
patients with type 2 diabetes. The high-frequency pulses occur at one pulse per
6 minutes. Almost all insulin is secreted in these high-frequency discrete insulin
secretory pulses. The amplitude of the resulting insulin concentration oscillations
in the portal vein (1000—-4000 pmol/L) is very large, but hepatic insulin clearance
results in a marked attenuation of these oscillations by the time they reach the
systemic circulation (amplitude ~10 pmol/L) (15). The pacemaker responsible
for generating this high-frequency pulsatile rhythm is unknown, but each islet
independently secretes insulin in a comparable pulsatile manner so the property
must be present within islets. Also, the mechanism that allows the 1 million islets
to be coordinated to secrete pulses in a synchronous manner is not known al-
though the intrapancreatic neural network is believed to be important. Trans-
planted islets in the liver secrete insulin in a coordinate fashion once the islets
have been reinnervated (16).

The significance of these high-frequency insulin oscillations for insulin ac-
tion is not fully understood, although there is some evidence that they are impor-
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tant. Clearly, reproducing the insulin-concentration profile present in the portal
vein in humans—either in the fasting state or, particularly, after a meal—would
be impossible with insulin exogenously injected into the subcutaneous tissue or
even the systemic circulation. Consistent with the observations of Leahy and
colleagues that B-cell rest can overcome diabetes in animal models with a partial
pancreatectomy, overnight B-cell rest can at least temporarily restore pulsatile
insulin secretion in patients with type 2 diabetes (17). It is therefore rational to
increase insulin sensitivity in patients with a partial decrease in 3-cell mass (such
as those with type 2 diabetes). This strategy is likely to at least partially restore
the pattern of insulin secretion toward normal, and the available evidence sug-
gests that the pattern of insulin secretion is important for effective insulin action.

REGULATION OF GLUCOSE METABOLISM IN THE FASTED
AND FED STATE

Fasting

In health, the blood glucose concentration remains remarkably stable even after
prolonged fasting (Figure 1). After an overnight fast, basal insulin concentrations
are relatively low, and insufficient to stimulate glucose uptake by muscle and
fat. Under these conditions glucose uptake is primarily by insulin-independent
tissues such as brain, red blood cells, and the kidney. With fasting, insulin-depen-
dent tissues rely primarily on free fatty acids for energy. These free fatty acids
are derived from breakdown of fat stores (triglyceride). Blood glucose remains
constant because the liver releases glucose derived initially from glycogenoly-
sis—and, with time, increasingly from gluconeogenesis—at a rate that matches
that of glucose uptake.

The basal rate of insulin is sufficient to constrain the rate of hepatic glucose
release to match that of glucose uptake. In the absence of this basal insulin, the
rate of hepatic glucose release would be much greater and the blood glucose
concentration would increase. The basal rate of insulin is also sufficient to con-
strain levels of lipolysis to provide sufficient FFA for oxidation by muscle and
fat. In the complete absence of insulin, lipolysis would occur at much higher
rates and excessive FFA would be converted to ketones in the liver, resulting in
diabetic ketoacidosis (18).

Replacement of Basal Insulin

Basal insulin is provided by either a continuous subcutaneous infusion from an
insulin pump or intermittent injection (daily or twice daily) of insulin formulated
to be released slowly from this site (19). Replacement insulin therapy in the basal
state (between meals and overnight) has the object of constraining hepatic glucose
release to match glucose uptake by non-insulin-independent tissues (Figure 2).
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Fasting-state

Ficure 1 In the fasting state, glucase enters the circulation from the liver
(from stored glycogen or newly formed glucose) and is taken vp pregomi-
nately by non-insulin-sensitive tissues (such as the brain). Relatively little glu-
cose is taken up by insulin-sensitive tissues such as muscle. The blood glu-
cose is maintained by the actions of insulin to restrain hepatic glucose release
to match the rate of glucose uptake. This is the basal insulin component re-
quired in insulin-replacement therapy.

The amount of insulin required to this end varnies from person o person (de-
pending on hepatic insulin sensitivity). It will also vary according to both the
time of day and the duration of the fast. For example, at night insulin requirements
fall but in the morning they rise. This is presumably a consequence of the circa-
dian rhythm of growth hormone and costisol. hormones that increase the require-
ments of insulin by increasing the rate of gluconeogenesis (cortisol and growth
hormone) and glycogenolysis (growth hormone). The advantage of an insulin
pump over injection of a susiained-release form of insulin for provision of basal
insulin supply is that it can be programmed to vary according to these circadian
changes.

Long-acling insulin preparations available for imtermiuent subcutaneous in-
jection include NPH insulin, which requires twice-daily injections; Ulwalente
insulin, which results in rather variable day-to-day insulin-concentration pro-
files: and recently an insulin analog, insulin glargine, modificd to provide a slow
release from the site of injection (20). Some palieals prefer not 1o wear a pump
and prefer inlermittent insulin injections. Also. an advantage of the intermit-
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Ficure 2 Insulin replacemant. In health {top panel), blood glucose remains
stable between meals and only increases transiently after a meal (B-break-
fast; L-lunch; and D-dinner or evening meal). This is because the circulating
insulin concentration (middle panel) restrains glucose output between meals
to match glucose uptake (basal insulin) and increases abruptly with meals to
further inhibit hepatic glucose release and stimulate glucose vptake by insu-
lin-sensitive tissues (Figure 1). Insulin replacement (bottom panel) is de-
signed to reproduce this pattern of insulin secretion. Basal insulin replace-
ment (light shaded area) is given by either twice-daily NPH insulin injections
{broken arrows in lower panel) or once-daily Ultralente or insulin glargine or
by a continuous infusion by a pump. The meal-related insulin boluses of insu-
lin might be given either as intermittent injections of rapidly acting insulin
{e.g., lispro or aspart insulin) just prior to meals (solid arrows) or as boluses
from a continuous pump.

tentinjection of longer-acting insulin preparations is that the patient is less vulner-
able 1o the sudden loss of insulin availability that occurs with undetected pump
failure.

However, as day-to-day vanation in levels of suress, exercise, illness, ctc..
induce variable levels of growth hormone, cortisol, and epinephrine, optimal
basal insulin requirements inevitably vary from day to day as well. Ultimately,
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provision of an optimal basal insulin supply will require a system that responds|
to the prevailing blood glucose (a closed-loop feedback system).

Meal Ingestion

Following a meal, glucose is absorbed over a period of ~180 minutes, most
quickly in the first hour (Figure 3). In health, the resulung glycemic excursion
is limited, whereas in diabetes both the peak and the duration of the glycemic
response are markedly increased.

In healih, following meal ingestion insulin secretion is rapidly increased|
through the mechanism of both hyperglycemia and the incretin hormones sucﬁ‘
as GIP and GLP-1 (21). In contrast, the glucagon concentration tends o be SUPW
pressed initially as a consequence of the hyperglycemia but increases later dug
to the rising concenwration of circulating amino acids. Both of these hormonal

52 Fed-state

GGG ioonennees ! foTe

A
Glucoge [ 4

Ficure 3 Fed state—following meal ingestion, glucose enters the circulation
from both the meal and the liver. In health, in response to the resulting incre-
ment in blood glucose, there is a prompt increase in insulin secretion (Figure
2). As a consequence, hepatic glucose release is suppressed angd glucose up-
take by insulin-sensitive lissues such as skeletal muscle is rapidly increased.
As a result of these combined actions, the increment in blood glucose con-
centration is restrained and the glucose concentration rapidly restored to
fasting evels. Bolus insulin treatment at meals (Figure 2) seeks to reproduce
these actions.
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responses to meal ingestion are abnormal in people with diabetes (22). The post-
prandial increment in insulin secretion is blunted in type 2 diabetes and absent
in type 1 diabetes. The basal glucagon levels tend to be higher in patents with
diabetes, and the glucagon concentrations are not appropriately suppressed after
meal ingestion.

In health, the postprandial glycemic response is constrained by extraction
of ~40% of the meal glucose by the liver, suppression of hepatic glucose release,
and stimulation of glucose uptake by insulin-sensitive tissues (muscle and fat).
Theoretically any of these could contribute to the postprandial hyperglycemia in
diabetes. Hepatic extraction of meal glucose is not impaired in diabetes (23).
Glucose is taken up by the liver, provided that at least some insulin is present,
and patients with poorly controlled diabetes tend to have increased rather than
decreased liver glycogen stores.

The primary mechanism subserving postprandial hyperglycemia is failure
to adequately suppress hepatic glucose release. Given the impaired insulin secre-
tion after meal ingestion, and failure to suppress glucagon secretion, the failure
to suppress hepatic gluconeogenesis and glycogenolysis is not surprising.

Provided that at least basal insulin levels are present, glucose uptake by
insulin-sensitive tissues is greater in patients with diabetes than in nondiabetics
after meal ingestion, and so impaired glucose uptake is not responsible for post-
prandial hyperglycemia. The increased rate of glucose uptake is due to the mass
action effect of glucose to promote glucose uptake in insulin-sensitive tissues
(skeletal muscle, fat) in the presence of some insulin.

Meal-Related Insulin Replacement

In contrast to basal insulin, the primary goal for insulin-replacement therapy after
meal ingestion is to provide insulin with a rapid increase that will as closely as
possible reproduce that seen in vivo from the intact pancreas (Figure 2). With
Regular (soluble) insulin this is problematic because the peak insulin concentra-
tion after subcutaneous insulin injection is not achieved until ~2 hours after
injection. Insulin analogs are now available (lispro and aspart) that are formulated
not to form hexamers and so are released rapidly from the injection site, reaching
a peak ~ 30-60 minutes after injection. These analogs are most frequently used
in insulin pumps. Therefore, the most effective means of providing insulin for
meals is either intermittent injection of a subcutaneous injection of a rapidly
absorbed insulin analog or a bolus of insulin from an insulin pump.

Several groups are currently investigating inhaled insulin as an alternative
to meal-related subcutaneous insulin. Absorption is not as fast as with analog
insulin injected subcutaneously, and concerns about possible pulmonary compli-
cations will have to be ruled out.
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SUMMARY AND CONCLUSIONS

In healthy individuals, blood glucose concentration is tightly regulated. Insulin
is secreted in a basal rate between meals that is sufficient to constrain the rate
of hepatic glucose release to match the rate of glucose uptake. After meal inges-
tion, the insulin secretion rate is promptly increased and leads to further suppres-
sion of hepatic glucose release, increased glucose uptake by insulin-sensitive tis-
sues, and restoration of blood glucose levels to fasting levels. In patients with
diabetes, the mechanism of hyperglycemia in the fasting and fed states is excess
hepatic glucose release. This is due to inadequate insulin delivery to the liver
along with hepatic insulin resistance. Treatment strategies to restore the blood
glucose concentration to normal require provision of an adequate amount of insu-
lin to appropriately inhibit hepatic glucose release in the basal fasting state and
after meal ingestion.
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Insulin Pharmacokinetics

Steven D. Wittlin, Hans J. Woehrle, and
John E. Gerich

University of Rochester School of Medicine and Denlistry,
Rochester, New York

OVERVIEW

A variety of insulin preparations are now available that differ in times of onset,
peak effect, and duration of action, enabling the clinician to more appropriately
satisfy their patients’ requirements in a safe and effective manner (1,2). Insulin,
which first became available for patients with diabetes mellitus in 1922 (3,4),
was originally extracted from porcine and bovine pancreases and differed in struc-
ture from human insulin by one and three amino acids, respectively. The early
preparations were dilute (1 unit/ml), of crude purity, and short-acting. Patients
had to inject themselves four to six times a day with relatively large volumes,
which made the injections painful. Local cutaneous reactions at injection sites
(inflammation, lipoatrophy, and lipohypertrophy) were common due to contami-
nants. Moreover, because the preparations were antigenic, most patients devel-
oped insulin antibodies, which delayed the onset and prolonged the duration of
insulin action. Development of antibodies sometimes caused severe immune insu-
lin resistance that necessitated desensitization and the use of corticosteroids or
specifically modified insulins (e.g., sulfated insulins).
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As technology advanced, the preparations were standardized and became
available in concentrations of 40 and 80 units/ml. Insulin in the United States is
now uniformly 100 units/ml (U100). By the 1950s, longer-acting preparations
were developed by adding chemicals to the buffer, which caused microcrystalliza-
tion of the insulin, slowing absorption from the subcutancous space into the blood
(so-called “‘cloudy insulins’”). Zinc was added to the Lente preparations (Lente
and Ultralente), and protamine and a small amount of zinc to NPH (neutral prota-
mine Hagedorn) (5). Combining these long-acting preparations with a fast-acting
insulin such as Regular or Semilente permitted fewer injections and improved
dosage individualization. Also, formulations of already-mixed short- and inter-
mediate-acting insulins (‘‘premixes’’) eventually came to market.

In the 1970s, advances in tissue chromatography led to preparations of
higher purity, which markedly decreased antibody generation and immune insulin
resistance, as well as local and systemic reactions. By the late 1980s, manufacture
of human insulin using recombinant DNA technology became possible, so in
most Westernized countries usage of animal insulin has mostly ceased. Human
insulin has a slightly more rapid onset and shorter duration of action than the
animal insulins, although the effect is of modest clinical significance. The one
exception is Ultralente. Beef Ultralente, which is no longer available in the United
States, was a peakless insulin that Jasted over 24 hours, whereas human Ultralente
has a peak and duration of action that resembles those of animal NPH (peak 8-
10 hours, duration 15-20 hours).

With the development of the radioimmunoassay for insulin in 1960, it be-
came apparent that the normal secretion of insulin was mainly regulated by, and
paralleled, changes in blood glucose levels. With meal ingestion, plasma insulin
levels increase three- to fivefold to peak within 30—60 minutes, and return to
premeal levels within 2-3 hours. Initially, twice-daily (before breakfast and sup-
per) injections of mixtures of a fast-acting and intermediate-acting insulin were
used in patients with type 1 diabetes, who have no endogenous insulin, in an
attempt to simulate the physiological delivery of insulin. Later, this regimen was
improved by using pre-meal injections of Regular or Semilente insulin with once-
or twice-daily long-acting preparations such as Ultralente. An alternative to this
“‘basal-bolus’” approach came into use in the 1980s with insulin pumps—contin-
uous subcutaneous insulin infusion (CSII)—that deliver a bolus of Regular insu-
lin prior to meals superimposed on a basal rate and that can be preprogrammed
to deliver an amount that varies according to the time of day. Regardless of
whether the short-acting insulin was given by syringe, pen, or pump, the resultant
plasma insulin levels and biological effect did not perfectly simulate the normal
pattern, because the slow absorption of Regular or Semilente insulin required
that it be taken 30-45 minutes prior to meals for optimal prevention of post-
meal hyperglycemia (6). The required delay was inconvenient, and in practice
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few patients actually waited that long. Moreover, the resultant plasma insulin
levels did not generally peak until 60—120 minutes postprandially and remained
elevated for up to 6 hours (7). Therefore, attempts to limit postprandial increases
in plasma glucose by increasing insulin doses often resulted in hypoglycemia
prior to the next meal. This was a serious limitation—it is now well recognized
that hypoglycemia is the rate-limiting factor for achieving optimal glycemic con-
trol in patients with type 1 diabetes and in many patients with type 2 diabetes
who take insulin.

Another problem was the variability in the day-to-day insulin profiles of
the available insulins (8,9). The short-acting insulins (Regular and Semilente)
have coefficients of variation in peak levels of 20-30%, whereas the longer-
acting preparations (NPH, Lente, and Ultralente) have variations that are twice
as great. Other factors affect the absorption characteristics (Table 1). The one of
greatest clinical significance is variable absorption from different injection sites:
insulin onset is quickest and its duration of action shortest from the abdomen,
followed by the arms and then the buttocks and thighs (10).

The past decade has seen the development of insulins with amino acid
substitutions that alter the absorption characteristics: ‘“‘insulin analogs,”” or ‘‘de-
signer insulins’” (11-15). There are now two preparations—Ilispro and aspart—
that are absorbed faster and have a shorter duration of action than Regular human
insulin, and another with a longer duration of action (>24 hours) than Ultralente
that is essentially peakless—glargine (Table 2). These analogs have overcome
many of the limitations of native human insulin: they have excellent day-to-day
consistency in absorption characteristics, their absorption rates are minimally af-
fected by the anatomical injection site, and the fast on—off effect of the rapid-
acting preparations allows injecting at the time of eating and minimizes postpran-
dial hypoglycemia. Thus, in many patients, the analogs have provided the first
opportunity to design insulin programs that mimic normal patterns of physiologi-
cal insulin delivery.

TaBLE 1 Some Variables
Influencing Insulin Absorption

Insulin species
Insulin mixtures

1. Site of injection
2. Local heat

3. Insulin dose

4. Depth of injection
5. Exercise

6.

7.
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TaBLE 2 Action Profiles of Various Insulin Preparations

Type of insulin Onset Peak Duration
Human Regular 15-30 min 120 min 6-8 hr
Lispro insulin 15 min 60 min 3-4 hr
Aspart insulin 15 min 60 min 3-4 hr
Human NPH 2h 5-7 hr 13-16 hr
Human Lente

Human Ultralente 1hr 10 hr 20 hr

Insulin glargine 1.5 hr Peakless 24 hr at least

SHORT-ACTING INSULINS

Regular human insulin exists mostly as complexes of six insulin molecules (hex-
amers) because of spontancous self-association, and a smaller proportion of sin-
gles (monomer) and doubles (dimers). When given intravenously, Regular human
insulin rapidly dissociates into monomers. However, after subcutaneous injection,
dissociation is much slower. Because insulin needs to be monomeric for absorp-
tion from the subcutaneous space into the blood, this slow dissociation delays
the appearance of insulin into the blood, and thus its onset of action (16). As
shown in Table 2, the onset of action of subcutaneously injected Regular human
insulin is approximately 15-30 minules, its peak actlion occurs at about 120 min-
utes, and the duration of action at doses used clinically is generally between 6
and 8 hours. These values relate to abdominal subcutaneous injection, which is
the preferred site of injection. Absorption from the abdomen is more rapid than
that following subcutaneous injection in the arm, which in turn is more rapid
than that following subcutaneous injection in the thigh (10).

As aresult of studying the structural basis for the self-association of human
insulin, analogs with amino acid substitutions were developed that eliminate self-
aggregation. Two of these, lispro and aspart, are commercially available (12,15).

Insulin lispro (Humalog) is the result of altering the 28th and 29th B-chain
amino acids from proline, lysine to lysine, proline, which eliminates the ability to
self-aggregate so only monomers exist after injection in the subcutaneous space.
Absorption is thus much faster than with Regular insulin (17). Lispro binds to
the insulin receptor with approximately the same affinity as native human insulin,
but has a slightly higher affinity for the IGF-1 receptor. The clinical significance
of the latter remains to be determined. Euglycemic clamp studies in normally
glucose-tolerant subjects reveal that when given subcutaneously, lispro results in
two- to threefold higher peak serum insulin levels sooner (42 versus 101 minutes)
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than Regular, and its duration of action is shorter at 3—4 hours (17). Importantly,
there is no significant difference in total hypoglycemic potency between these
two insulins. Other clinically useful differences from Regular insulin are fewer
anatomical effects on absorption (18), and the time to peak activity is not dose-
dependent as it is with Regular (2).

Large clinical trials that compared insulin lispro with Regular insulin have
shown lower postprandial glucose rises in type 1 and type 2 patients with lispro,
although overall glycemic control as measured by HbA ¢ is not substantially dif-
ferent. One explanation may be that lispro is less likely to cause mild hypoglyce-
mia than Regular insulin when used in doses that yield comparable postprandial
control in type 1 patients (19-22), which results in a reduced need for between-
meal snacks. Also, meta-analysis in type | patients suggests that lispro reduced
severe hypoglycemia (23). No difference in serum lipid concentrations has been
demonstrated. In both type | and type 2 patients, insulin antibody concentrations
with lispro use was no different than with Regular insulin (24). Initial studies in
patients treated with CSI1I suggest a benefit of insulin lispro over Regular insulin
in reduction of both HbA ¢ and postprandial glycemia (25,26). In most patients,
doses of lispro and Regular insulin are comparable, although minor adjustments
may be required in individual patients. Insulin lispro should be given up to 15
minutes before a meal (27).

In summary, advantages of insulin lispro are its ease of use with no need
to wait before eating and better prandial control in type 1 patients with less hypo-
glycemia than Regular insulin. Disadvantages relate to the rapidity of onset and
short duration. Type | patients may “‘run out’” of insulin if sufficient basal insulin
or mixture with Regular insulin is not used. Finally, its safety in pregnancy has
not been established.

Insulin aspart (Novolog) is similar in concept to lispro, and was created
by substituting aspartic acid for proline at position 28 on the B chain (15,28).
Self-association is decreased similarly to insulin lispro, resulting in a monomeric/
dimeric insulin analog. Because aspartic acid is negatively charged, the lack of
association may be charge-mediated rather than steric. Potency of aspart is similar
to that of human insulin, with approximately 90% binding affinity to the insulin
receptor (29). Also, binding to the IGF-1 receptor is similar to human insulin.

Insulin aspart is absorbed twice as fast as Regular insulin (30). Site effects
in terms of absorption and glucose-lowering action are negligible (31). The peak
insulin levels attained are approximately twice as high for aspart versus Regular
insulin at 52 minutes and 109 minutes, respectively. The duration of action is
3—4 hours. A study comparing aspart and lispro showed no major clinical differ-
ences (32).

A brief clinical trial of insulin aspart versus Regular insulin showed the
expected reduction in postprandial glycemia (33). However, after 1 month no
difference in fructosamine (a measure of overall glycemia like HbA ¢, but for
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the last 7-10 days) was noted. A longer, 6-month trial showed a small 0.15%
reduction in HbA ¢ with insulin aspart versus Regular, the former being given
at mealtime and the latter 30 minutes before meals (34). Also, there were fewer
episodes of severe hypoglycemia.

Overall, the pharmacodynamics of lispro and aspart in terms of rapidity
of action and short duration are similar, and, not surprisingly, their advantages,
disadvantages, and how they are used are comparable. Both appear to reduce
postprandial glycemia and lessen the risk for hypoglycemia. Both should be ad-
ministered O to 15 minutes before a meal, and no dosing adjustment is generally
made when switching from Regular insulin to aspart or lispro. Studies support
the use of either in insulin pumps (25,26,35). In contrast, there is no advantage
of the monomeric analogs during intravenous infusion, which should probably
be rescrved, at present, for Regular insulin,

INTERMEDIATE-ACTING INSULINS

The initial purpose for the development of long-acting insulin preparations was
to minimize the number of daily injections needed for glycemic control. Ideally,
the action of such an insulin preparation should reflect naturally occurring
changes in insulin requirements throughout the day. This would be particularly
important during the overnight period, when longer-acting insulins are required to
suppress endogenous glucose production. Additionally, the kinetics and dynamics
should be highly reproducible so that day-to-day variation in absorption/activity
is as low as possible.

Two intermediate-acting insulins have been widely used: the zinc-precipi-
tated Lente insulin and the protamine-precipitated NPH insulin (5). Although
pork insulin preparations are still available, since the introduction of human insu-
lin to the U.S. market the use of animal insulin has markedly decreased. Overall,
human insulin has a somewhat earlier peak of onset and shorter duration of action
compared with pork insulin. However, the clinical implications of this finding
are probably small; clinical studies have shown essentially equivalent glycemic
control with pork and human insulin. Only human insulins are discussed in the
remainder of this section.

LENTE INSULIN

Lente insulin was invented in 1952 by Hallas-Moller (36), who observed that
the addition of zinc in the presence of acetate buffer at neutral pH caused insulin
to crystallize, markedly prolonging its action after subcutaneous injection. Two
forms of insulin appear: an amorphous precipitate called Semilente, which has
aduration of action similar to that of Regular insulin, and stable crystals of insulin
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called Ultralente. Commercial preparations of Lente insulin are standardized to a
mixture of 30% Semilente and 70% Ultralente. Early formulations of this mixture
combined beef and pork insulin, because the conditions caused the porcine insulin
to become amorphous and the beef to crystallize (5). Human Lente is now avail-
able. Its kinetics of action are similar to those of NPH, although it peaks a little
more slowly than the NPH, and a biphasic pattern in the systemic insulin appear-
ance of Lente insulin has been described, probably due to the different kinetics
of the amorphous and crystalline compounds. Duration of action is 13—16 hours,
and the maximal blood-glucose-lowering effect is seen around 6 hours after injec-
tion. It is noteworthy that the zinc insulins are not miscible with non-zinc insulins
such as Regular or NPH, because the high zinc content can lead to unpredictable
microcrystallization and prolongation of the effect of the non-zinc insulin.

NEUTRAL PROTAMINE HAGEDORN INSULIN

The most commonly used intermediate-acting insulin is neutral protamine Haged-
orn (NPH) insulin (isophane). It was developed in the Novo-Hagedorn labora-
tories in Denmark in 1946 by Krayenbuhl and Rosenberg (37), based on the
original observation of Hagedorn that insulin’s effect was prolonged when com-
bined with proteins such as protamine (38), and that of Scott and Fisher showing
that small amounts of zinc lengthened the action of protamine insulin (39). NPH
contains equal amounts of protamine and insulin with a small amount of zinc at
neutral pH. Protamine is a basic, highly negatively charged protein derived from
fish sperm. 1t is essentially nonimmunogenic. The commercial preparations of
NPH are a suspension of oblong tetragonal crystals with essentially no unprecipi-
tated (Regular) insulin (5). Because of the symmetric, even structure of the insu-
lin-protamine crystals, and because protamine and insulin are used in equimolar
amounts, the term isophane (Greek iso, “‘even’” and phane, ‘‘appcarance’) is
often used for this insulin preparation. For both forms of crystallized insulin
(NPH and the Lente), the insulin crystals may sediment soon after agitating the
bottle. To ensure accurate dosing, then, care must be taken to gently, but thor-
oughly, mix the vial prior to drawing it up in the syringe. Sedimentation of insulin
crystals may in part explain the described day-to-day variability of insulin action
for the longer-acting insulins. Also, commercially available NPH preparations
contain very small amounts of nonbound protamine—too little to bind significant
amounts of Regular insulin when mixed with the NPH—so NPH-Regular mix-
tures are much more stable than Lente— or Ultralente—Regular mixtures. This
has allowed development of commercial fixed mixtures of NPH and Regular
insulin. In the United States, 70/30 and 50/50 (%NPH/%Regular) are available,
while in other parts of the world many more proportions are obtainable. The
onset of action and duration of the preparation depend on the relative amounts
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of NPH and Regular insulin in the mixture. In general, the more NPH, the later
the onset and the longer the duration of action. A similar mixture using 75%
neutral protamine lispro (NPL) and 25% lispro has recently been marketed.

The absorption of both NPH and human Lente insulin follows a monoexpo-
nential course, as does Regular insulin. For the most part, there seem to be no
clinically important differences in absorption between these two insulin prep-
arations, although NPH insulin has been reported to have a somewhat faster
onset and shorter duration (40). Both insulins after subcutaneous injection have
a slow on—off pattern that is interspersed by a considerable peak, plus there is
a large day-to-day variability of up to 50% for both NPH and Lente (9). It there-
fore seems that neither Lente nor NPH fulfills the criteria for an ideal basal in-
sulin.

In summary, NPH and Lente have been mainstays of insulin regimens for
a half-century. They provide basal insulin coverage, but at a price: absorption is
variable, they have a distinct peak, and human preparations generally last for
considerably less than 24 hours, necessitating multiple injections.

LONG-ACTING INSULINS

The long-acting insulin used in the United States is Ultralente. As indicated
above, it is an insulin—zinc crystalline preparation that was developed to be a
basal, long-acting insulin because in animal form its duration of action when
injected subcutaneously exceeds 24 hours and is relatively peakless. Because
human Ultralente is more soluble, its duration of action is significantly shorter
(Table 2). In a recent study (9), human Ultralente was shown to have an onset
of action of 1.0 = 0.2 hour and a duration of action of 19 * 5.8 hours. Peak
action was at 1012 hours. Moreover, the intersubject variability was twice that
scen with a subcutaneous insulin pump. Other sources show that intrasubject
variability is very high with Ultralente. Disappointingly, when twice-daily Ul-
tralente was compared to twice-daily Lente insulin in 66 patients in a double
crossover study, the major clinical difference was more severe hypoglycemia
with Ultralente treatment, mostly between 5 a.M. and breakfast (41).

Because of the above-indicated drawbacks of NPH, Lente, and Ultralente
as basal insulins, long-acting insulin analogs have been developed to try to better
mimic physiological basal insulin secretion. The only commercially available
long-acting analog at the time of this writing is insulin glargine (14). It is pro-
duced by modifying insulin at position 21 of the A chain by substituting glycine
for asparagine, and also at the amino-terminus of the B chain by adding two
arginines. This shifts the isoelectric point, causing glargine to be virtually insolu-
ble at a physiological pH. It is kept soluble within the bottle by using a buffer
with a pH of 4. When injected into the neutral pH of the subcutaneous space,
glargine precipitates, markedly delaying absorption. The result is a nearly peak-
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less insulin analog, with onset of action in 2—4 hours and a duration of action
more than 24 hours. In the previously mentioned study of Lepore at al. (9), glar-
gine’s onset of action was 1.5 = 0.3 hours and duration 20.5 = 3.7 hours. Plus,
its effect was essentially peakless, and there was no fall-off in action at 24 hours.
Intersubject variability was ~60% that of NPH.

Three clinical trials with insulin glargine for type 1 diabetes have been
published. A phase 3 multicenter trial that compared glargine and bolus lispro
with NPH and bolus lispro showed lower fasting blood glucose levels and more
patients reaching target fasting glucose in the glargine group. Further, the glargine
group showed less variability in fasting blood glucose and less weight gain (42).
A 28-week study by Ratner et al. (43) compared glargine and NPH for basal
insulin coverage. It showed a greater reduction in fasting plasma glucose, and
there were fewer episodes of symptomatic or nocturnal hypoglycemia in the glar-
gine group. A 4-week trial by Rosenstock et al. (44) showed better control of
fasting blood glucose with glargine than with NPH.

In type 2 diabetes, a 1-year study compared bedtime NPH and bedtime
glargine in 426 patients failing oral agents, and showed similar improvements in
HbA ¢ but less noctumal hypoglycemia and lower post-dinner glucose levels in
the glargine group (45). Rosenstock et al. (46) performed a 28-week open-label
trial in patients with type 2 diabetes who were already taking NPH so they contin-
ued the NPH or were switched to glargine. Once-daily bedtime glargine was
found to be as effective as once- or twice-daily NPH in terms of glycemic control,
with a lower risk of nocturnal hypoglycemia and less weight gain.

Compared to NPH insulin, glargine causes more pain at the injection site
(as many as 6.1% of patients versus 0.3% for NPH), which may reflect its mild
acidity. Glargine is clear, whereas other long-acting insulins such as NPH and
the Lentes are milky, requiring care in the labeling and in patients’ handling of
the glargine vials. It cannot be mixed with other insulins because of the need to
keep the pH at 4 to preserve solubility for injection. It has 60% of the lipogenic
potency of human insulin but 783% the mitogenic potency (29). The mitogenic
potency has, thus far, not been a clinical problem but long-term follow-up is
needed. A problem—not unique to glargine—is that its profile does not perfectly
mimic the dawn phenomenon seen in some patients with type 1 diabetes. Regard-
less, insulin glargine appears to provide a more predictable, longer-duration,
peakless profile compared with the other available basal insulins (9,47).

SUMMARY AND CONCLUSION

The major short-acting insulin and analogs are Regular, aspart, and lispro. Aspart
and lispro have a faster onsct and shorter duration of activity that more closely
mimic the ‘‘normal’” insulin response to a meal, which is viewed as their major
advantage. However, somewhat paradoxically, their major drawback is also the
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short duration, which may result in periods of ‘‘underinsulinization’ in some
patients with type 1 diabetes. This may be obviated by the longer-acting analog
insulin glargine (42—44,47). The latter has a longer duration and is more predict-
able than the other intermediate- and longer-acting insulins: NPH, Lente, and
Ultralente. Newer analogs arc in development to address problems of stability,
variability of absorption, and selectivity. An example is Insulin detemir (Lys
B¥[N*-tetradecanoyl] des B30) human insulin. In the presence of zinc and phenol
it is mainly hexameric, and it also has a fatty-acid side chain. This results in
aggregation of hexamers, resulting in a slowly and more predictably absorbed
insulin-like molecule (48). It is less potent than NPH, but less mitogenic than
insulin glargine (29). Hopefully, newer analogs will provide even better tools for
mimicking the physiological insulin profile.
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Intensive Insulin Therapy in Type 1
Diabetes Mellitus

Jack L. Leahy
University of Vermont College of Medicine, Burlington, Vermont

INTRODUCTION

There are few bigger challenges for medical practitioners than taking care of
patients with type 1 diabetes mellitus. The difficulties are numerous. Glucose
homeoslasis is normally controlled by a complex physiology of precise variations
in insulin secretion that exactly counter the wide swings in nutrient intake, physi-
cal activity, and stress of modern sociely. Attempts over the years Lo approximate
this system using subcutaneous insulin have suffered from insulin preparations
that lack the pharmacokinetics of the normal system. In addition, the average
physician received little training in insulin usage during his or her internship and
residency, and there have been few CME programs in this area. Also, there is a
clear understanding by most physicians that if they aggressively push insulin
doses to tolerance, the result too often is hypoglycemia that can vary anywhere
from annoying to life-threatening. Finally, patients are not always advocates for
their care; sometimes the attitude is ‘‘The fewer shots, the better’” or ‘I feel
great, so why must 1 do so many finger sticks?”” The net conscquence is that
premixed insulins are the most prescribed insulin preparations in the United
States, and national surveys continue to show distressingly high HbA . values.
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To paraphrase Bob Dylan, ‘‘The times, they are changing.”” A number of
events occurred in the 1990s that provided us the tools, know-how, and incentive
to do better. Best known is the demonstration in both type 1 and type 2 diabetes
of the benefits of intensive glycemic control for the prevention of microvascular
complications (1-3), a fact that is understood and expected by many paticnts.
Parenthetically, the long-term risk of suboptimal glycemic control, which was
also made obvious by these studies, underlies the diabetes treatment guidelines
and performance measures that have become widespread. New insulin prepara-
tions are now available that better approximate normal insulin secretion (4-7;
reviewed in Chapter 6)—intensive treatment programs (often termed ‘basal-
bolus’”) that combine these insulins into physiologically correct 24-hour insulin
exposure are increasingly being used. Also, insulin-delivery systems (pens, syrin-
ges with “‘skinny’” and short needles, pumps) and blood glucose monitoring
equipment have become easier to use, more reliable, and less painful.

This chapter is intended to demystify insulin therapy in type 1 diabetes
(and diabetes in general) by providing a conceptual framework for what to do
and how to do it. This is not to say it is easy. Obtaining the target HbA | (generally
less than 7%) without significant hypoglycemia in a patient with type | diabetes
often requires a team of experts—physician, registered dietician (RD), and cerli-i
fied diabetes educator (CDE)—to analyze diet and lifestyle practices and ]ooﬁ
for clues to day-to-day variations in glycemia. Whether the primary physician
or a diabetes specialist is the main caregiver will depend on many factors. This‘
chapter does not dictate who it should be. What it does espouse is that insulin‘
programs be used that are based on the unique diet, exercise, and work habiLs!
of each patient, i.e., that we get away from the one-size-fits-all approach to insulin
treatment. Patients may go through a difficult time for a while trying to cope
with all the things asked of them with an intensive treatment program. However,
over the long term, they will have a better understanding of their diabetes and
how to manage it, and a greater chance for a life unencumbered by hypoglycemia
and end-organ complications.

NORMAL INSULIN SECRETION

A key principle for physiological insulin delivery is to mimic the normal pattern
of B cell function as closely as possible. Figure 1 shows insulin secretion in a
healthy individual, measured every 10 minutes over a normal 24-hour period that
included three standard meals—the top panel shows the actual data; the bottom
panel is a stylized version used in this chapter as insulin programs are discussed.
The multiple arrows in Figure | A are large spikes of insulin secretion that occur
every 1-3 hours and are called ‘‘ultradian oscillations’’; the study from which
the figure was taken investigated these oscillations (8). Instead, view the figure
for the 24-hour pattern of insulin secretion.
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Ficure 1 [nsulin secretion measured in a healthy ingividual every 10 minutes
over a normal 24-hour period that included three standard meals. The top
panel is the actual data taken from Ref 8. The multiple small arrows identify
large spikes of insulin secretion that occur every 1-3 hours, called ultradian
oscillations; the study from which the figure was taken investigated these
oscillations. The botlom panel is a stylized version of Lhe same data for use
in Figures 2 and 3, which pertain to insulin trealment.
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The tollowing features of Figure 1 should be noted:

e There are three large peaks of insulin release that rise rapidly and then
wane over 2—3 hours, corresponding to the meals. Also evident is a rela-
tively constant secretion of insulin over the 24-hour period that is not food-
related. The latter is critically important during the night and between meals
to regulate glucose output from the liver; without it, hepatic glucose release
increases markedly, resulting in high fasting and pre-meal blood glucose
levels. These two components as applied to insulin treatment are termed
“‘basal’” (non-food-related) and “‘bolus’ (meal-induced) insulin secretion.

¢ Quantitative insulin release for the meals is similar. This seems counterintu-
itive since caloric intake for supper is generally many-fold that for break-
fast. The explanation is the ‘‘dawn phenomenon’—a lowering of tissue
insulin sensitivity in the early morning hours because of the nighttime diur-
nal rise in cortisol and growth hormone. Thus, we require more insulin
secretion/injected per breakfast calorie than for supper. This underlies the
confusion of many new insulin users about why the breakfast dose of rapid
insulin typically equals or exceeds that for supper. It also explains why
persons who use carbohydrate counting to determine meal insulin doses
often use a lower ratio of grams of carbohydrate/insulin unit for breakfast
than supper.

¢ Insulin secretion returns to the basal rate between meals. In other words,
people are not designed to have much circulating insulin between meals.
This has important implications for the common usage of breakfast-time
NPH in the United States, which produces a nonphysiological sustained
insulin effect from midmorning to late afternoon, necessitating between-
meal snacks to prevent hypoglycemia.

A useful analogy is that people function like an automobile in terms of
insulin secretion/needs—idle between meals, with a rapid burst when the pedal
is pushed by an influx of foodstuffs. In the average person, about half of the
insulin released in a day is meal-related, the other half is basal. This fact is often
used in the design of insulin programs: 50% of the insulin is given as basal
coverage and the other 50% at meals. However, these proportions can be varied
according to the habits of the individual. Males in their late teens and early 20s
often consume huge numbers of calories in many snacks and meals such that
food-related insulin needs far exceed basal insulin needs. Similarly, in highly
physically active, insulin-sensitive individuals, the amount of basal insulin can
be modest compared to that at meals. Thus, both meal-related and basal insulin
needs must be met for an insulin program to work, and caregivers need to know
their patients’ dietary habits (meal sizes, times, snacks, variations) and exercise
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patterns (when, what, how often) as well as other relevant factors (work shifis)
alcohol) when designing an insulin regimen.

BASAL-BOLUS INTENSIVE INSULIN THERAPY
What Is Basal-Bolus Insulin Treatment?

Basal-bolus coverage combines the available insulin preparations (Table 1) inio
programs that take into account the unique dietary, exercise and other habits of
your patient to minuc as closely as possible physiological insulin delivery—i.e.,,
provide insulin in approximately the correct amount when needed, and rot pro-
vide it when unnecessary—in order to attain near-normal daytime and nighttime
glycemia. By necessity, multiple shots and frequent self-blood-glucose menitor-
ing (SBGM) are required. Diabetes education is also a core element along with
dietary instruction in how to regularize nutritional intake or, alternatively, how
to use analysis techniques such as ‘‘carbohydrate counting™ to determine insulin
dosages for meals (see Chapter 4).

Who Is Eligible?

Every person with type | diabetes should be a candidate for intensive insulin
therapy unless there is a contraindication. Exclusions can be medical (history of
severe hypoglycemia, too old or too young, illnesses in which hypoglycemia
could be life-threatening such as severe coronary, cerehrovascular, or hepatic
disease) or nonmedical (unwillingness or inability to follow the program, drug
or alcohol abuse, etc.). However, it must be emphasized these factors do not de
Jacto exclude a candidate. There are many elderly patients who do spectacularly
well on multishot insulin programs, and many persons with debilitating hypogly-

Tasle 1 Pharmacokinetics of Subcutaneous Insulin

Insulin Onset Pesk action Duration
Short-acting
Lispro/aspart 5-15 min 1-2 hr 3-4 hr
Regular 30-60 min 2-4 hr 6-8 hr
Intermediate-acting
NPH 1-3 hr 5-7 hr 13-16 hr
Lente 1-3 hr 4-8 hr 13-20 hr
Long-acting
Ultralente 2-4 hr 8-14 hr <20 hr
Glargine 1-2 hr Peakless >24 hr
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cemia on a standard insulin regimen who see a major improvement when
switched to a physiologically correct program. Thus, most patients with type 1
diabetes should be receiving intensive insulin therapy.

What Are the Goals and Risks?

The blood glucose goals of the American Diabetes Association (9,10) are shown
in Table 2. The listed HbA . of less than 7% is accepted around the world based
on the findings of the Diabetes Control and Complications Trial (DCCT) per-
formed in type | diabetes (see Table 3), which showed an acceptable balance of
protection against microvascular complications versus risk ol severe hypoglyce-
mia with this HbA . level (1). Equally important is to prevent rigidity of lifestyle
by providing flexibility for exercise, sports, diet, work, travel, or whatever the
patient wants for a happy life.

The caregiver also needs to know the risks and problems with intensive
insulin therapy so they can be openly discussed with the patient. Best known is
the potential for hypoglycemia. The DCCT reported a threefold increase in severe
hypoglycemia, which was defined as requiring aid from someone else, and a
threefold increase in hospitalization for hypoglycemia, in patients with HbA . of
7.2% versus 8.9% (1). Several subgroups were at particularly high risk: adoles-
cents, males, those without residual c-peptide, and those with a prior history of
severe hypoglycemia (11). The most important clinical predictor for high-risk
patients is the presence of hypoglycemia unawareness—patients report that
their reactions have changed so they no longer feel the sweats, shakes, or pound-
ing heart (i.e., loss of the catecholaminergic symptoms) but instead experience

TaBLE 2 Goals for Glycemic Control Recommended by the American
Diabetes Association

Additional
Normal Goal action suggested

Whole-blood values (mg/dl)?

Average preprandial <100 80-120 <80, >140

Average bedtime glucose <110 100-140 <100, >160
Plasma values (mg/dl)®

Average preprandial <110 90-130 <90, >150

Average bedtime glucose <120 110-150 <110, >180
HbA.(%)* <6 <7 >8

* Measurement of capillary blood glucose.

®Values calibrated to plasma glucose.

°HbA,, is referenced to a nondiabetic range of 4.0-6.0%.
Source: Ref. 9.
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TaBLE 3 The Diabetes Control and Complications Trial

Design
Intensive regimen  Minimum of three shots/day or a pump (35% used
a pump)
Four blood glucose measurements/day +1/week at
3 A.Mm.

Blood sugar guidelines
70-120 mg/dl {3.9-6.7 mM) before meals
<180 mg/dl (10 mM) 1-2 hr after a meal
>65 mg/dl (3.6 mM ) at 3 Am.

Attained HbA,; of 7.2% (normal <6.05%)

Conventional One or two insulin injections/day, no or only

occasional self-blood-glucose monitoring

Attained HbA,, of 8.9%

Results
Retinopathy Primary intervention: 50% incidence with
conventional, 156% incidence with intensive
therapy

Secondary intervention: 54% less progression with
intensive therapy and 54% less need for laser
therapy with intensive therapy

Nephropathy Primary intervention: rare events, not significant

Secondary intervention to microalbuminuria: 40%
conventional, 25% intensive, and to overt
proteinuria: 10% conventional, 5% intensive

Overall, 35% less microalbuminuria, 54% less
proteinuria

Neuropathy Primary intervention: 10% conventional, 3%
intensive

Secondary intervention: 16% conventional, 7%
intensive

Overall, 61% reduced

Macrovascular No statistical difference between conventional and
intensive treatment groups because too few
events in either group—44% fewer events in
intensive group

Problems
Weight gain Intensive group gained an average of 10 |b (4.5 kg)
versus 5 |b in conventional group
Hypoglycemia Threefold increased incidence of severe

hypoglycemia

The DCCT (1985-1993) assessed the relationship in type 1 diabetes between blood
glucose control and development/progression of microvascular complications. There
were two groups: primary intervention (up to 5 years of diabetes with no known reti-
nopathy) and secondary intervention (up to 15 years of diabetes with mild retinopa-
thy). Source: Ref. 1.
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subtle changes in mentation, ability to concentrate, or personality (discussed in
Chapter 13). Its presence is not necessarily a contraindication for intensive insulin
therapy, but these patients must be watched carefully for blood sugars of 30 or
40 mg/dl in their logbooks that may not be perceived by the patient as particularly
problematic. Also, as extensively discussed in Chapter 13, recurrent hypoglyce-
mia has been identified as an important cause of the impaired insulin counterregu-
lation that leads to hypoglycemia unawareness. Indeed, it was observed some
years ago that intensive insulin therapy elicited this effect in otherwise healthy
patients with type 1 diabetes (12,13). However, as the importance of hypoglyce-
mia’s impairing insulin counterregulation became known, prevention of hypogly-
cemia became a prime goal when practicing intensive insulin therapy. Further, it
is now understood that intensive insulin therapy is based on physiological insulin
delivery that mutes both the hyper- and hypo- swings in glycemia. Indeed, a
basal-bolus regimen is now often recommended for patients who are experienc-
ing major hypoglycemia. Patients need a balanced discussion of this issue. For
some, fear of hypoglycemia can be a major issue that stops them from fully
following the prescribed diet and insulin program. They need to know that this
may, paradoxically, worsen swings in glycemia and problems with hypoglyce-
mia. Also, preventive measures need to be in place. Patients should be taught
that alcohol and exercise can promote hypoglycemia, a bedtime snack is strongly
recommended, and a glucagon emergency kit should be kept in the house and
perhaps at work. To summarize, in many patients, an intensive insulin regimen
has no major detrimental effect and may even alleviate problems with hypogly-
cemia.

The DCCT noted an average 10-pound weight gain in the intensively
treated group versus 5 pounds in the group with conventional treatment (1). Pa-
tients with type 1 diabetes are usually of relatively normal weight and share the
same body consciousness as young people in general—weight gain (or fear
thereof) at times is the main factor that limits a patients willingness to undergo
intensive therapy. The weight gain is multifactorial, including lessening of gly-
cosuria, increasing calorie intake to treat or prevent hypoglycemia, and reversing
the catabolic effect of poorly controlled diabetes. As glycemia is optimized, it
is important to work with a dietitian to develop a meal plan for weight mainte-
nance. Also, a major focus of ‘“‘tweaking’’ the regimen once it has been started
is to minimize hypoglycemia. In addition, it should be pointed out to the patient
that basal-bolus regimens generally minimize or eliminate between-meal snacks,
which helps with weight control.

Intensive glycemic control occasionally worsens pre-existing retinopathy
(14), but the effect is generally short-lived and without functional significance
although proliferative retinopathy and blindness have rarcly been reported. It is
suggested that patients with known retinopathy be evaluated by an ophthamolo-
gist prior to starting an intensive insulin program, and frequently thereafter.
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HOW TO START BASAL-BOLUS THERAPY
Step 1: Minimize Variables

The previous section emphasized the importance of exercise and dietary habits
for the timing and amount of needed insulin. Modern lite for many people en-
tails substantial day-to-day variations in eating and exercise. When beginning
an insulin program, regularize these factors as much as possible, at least for
the short term until the insulin program and approximate doses have been estab-
lished.

e Have a detailed discussion with the patient about his normal day and how
it is affected by habits, hobbies, sports, work, weekends, travel, etc. 1dentify
the variables. Emphasize uniformity at work—avoid varying shifts, work
trips, wide swings in physical work, and other changes during the transition
onto insulin. Have the patient postpone vacations, stressful family events,
and other nonessential happenings.

¢ Patients should see a registered dietitian for evaluation of their eating hab-
its, and to be educated in the importance of consistency in their meals.
The concept of carbohydrate counting can also be introduced (discussed
in Chapter 4).

e Patients should receive basic diabetes education, preferably from a CDE,
covering SBGM, proper injection technique, how to mix insulins if rele-
vant, and how to recognize, avoid, and treat hypoglycemia.

¢ Identify factors that might influence insulin absorption—and thus kinetics
of the insulin effect—such as massage, heat, and exercise. Also important
is where one injects; insulin onset is quickest and its duration of action
shortest from the abdomen, followed by the arms, then the buttocks and
thighs. Practically, 1 generally recommend using the abdomen during the
day and the thighs or buttocks for the bedtime injection.

e [t is generally prudent to eliminate strenuous exercise for a while; when
this is not possible, emphasize regularity of exercise in terms of intensity,
timing, and doing it daily. Educating the patient about the effects of exercise
on insulin dosing and absorption, risks of hypoglycemia and its avoidance,
the best time to exercise, etc., will help avoid later confusion over the effect
of variable exercise on the patient’s glycemic response to the new insulin
program.

Step 2: Involve the Patient

The patient should have a role in establishing the treatment goals. Carcfully dis-
cuss what you are doing and why. Identify what the patient wants to accomplish.
You want a partnership with your patient that agrees on the desired goals and
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how they will be tracked, celebrates the same successes, and shares the same
standards of when *‘good is not good enough.”

Step 3: Establish the 24-Hour Insulin Dosage

Next is calculation of the approximate 24-hour insulin need. It is done on a unit-
per-kilogram basis by multiplying the body weight in kilograms by a factor that
takes into account the patient’s tissue insulin sensitivity. Suggested conver-
sion factors are shown in Table 4. Thus, a 28-year-old 70-kg man who bikes or
plays tennis on a daily basis would be started on 21 units of insulin per day (0.3
units/kg), while a man of the same age and height with a sedentary lifestyle
would receive 35 units (0.5 units/kg). Other factors, such as eating habits, are
considered but in more of a qualitative way—if that inactive patient is a ‘‘big
eater’” (maybe not gaining weight because of the out-of-control diabetes), then
a slightly higher conversion factor (0.6 units/kg) might be tried, resulting in
42 units. In contrast, pre-existing impaired renal function would result in less
insulin because of the reduced insulin clearance. The same approach would
be taken if there is another illness that poses a danger with hypoglycemia such
as severe cardiac, cerebral, or hepatic disease. Young people (arbitrarily, less
than 30 years old) with new-onset type | diabetes are usually given less insulin
as they typically experience a rather substantial reduction in insulin needs after
starting insulin therapy (‘‘honeymoon period’’); a starting insulin dosage of 0.3
units/kg is suggested. Clearly, this is an inexact science, but it is a necessary
starting point for calculating the initial insulin doses. Afier starting, doses are
adjusted based on the SBGM results. It is obviously preferable to err on the low
side with the starting doses, and use the SBGM results to adjust the insulin dos-
ages upward.

Step 4: Choose the Insulin Program and Calculate
the Starting Insulin Doses

Several insulin programs are based on a basal-bolus approach. Three are shown
in Figure 2, and are discussed in detail below: Ultralente and pre-meal lispro or
aspart; glargine and pre-meal lispro or aspart; and pre-meal Regular and NPH at
bedtime. Daytime NPH, which remains very popular in the United States, is also
discussed; however, most experts view this program as not allowing intensive
insulin coverage in the average patient with type 1 diabetes. Pluses and minuses
of each programs are discussed, and specifics on how to calculate the starting
insulin doses are provided. The patient should be presented with the different
programs and choose the one that is of most interest and fits best with his or her
lifestyle.
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Ficure 2 Basal-bolusinsulin regimens showing the number of injections and
time of administration relative to meals (B = breakfast; L = lunch; S = supper)
and bedtime (HS). (Top) twice-daily Ultralente insulin and mealtime rapid-

acting analog. (Center) bedtime glargine and mealtime rapid-acting analog.
{Bortom) pre-meal Regular insulin and bedtime NPH insulin. The shaded area
depicts the normal 24-hour pattern of insulin secretion from Figure 1. Insulin
levels from each program are shown as broken or solid lines based on the
pharmacokinetics of the different insulin preparations. Convergence of the
perimater of the shaded area and the insulin lines indicates correct insulin
activity. Nonconvergence is too little, or too much, insulin effect.

Copynight © Marcel Dekker, lac, All rights reserved.

MarceL Desoeer, Inc. m
270 Madison Avenue, New York. New York 100)6 H



98 Leahy

INSULIN PROGRAMS
Ultralente and Pre-Meal Lispro or Aspart
Advantages

e Provides flexibility for varying dietary habits

e Short duration of action of lispro and aspart results in fewer between-meal
“‘hypos”’

¢ Insulin coverage for snacks or extra meals is ecasily provided by additional
injections of the rapid-acting insulin

¢ No waiting time between the lispro or aspart injection and the meal

Disadvantages:

¢ Ultralente is the most variable of the available insulin preparations in terms
of day-to-day consistency in insulin kinetics, and thus glycemic control

e Nocturnal hypoglycemia in some patients

¢ Difficult to compensate for variance in physical activity

Program

The use of Ultralente insulin for basal coverage and a rapid-acting insulin at
meals has been the mainstay approach for intensive insulin therapy in the United
States for many years. Figure 2A shows how it is generally done: Ultralente with
lispro or aspart when beginning breakfast, lispro or aspart at lunch, and Ultralente
with lispro or aspart at supper. Before the rapid-acting insulin analogs became
available, Regular insulin was used for the mealtime coverage, and it was gener-
ally recommended that the Ultralente and Regular insulins be given as separate
injections (five shots per day) to avoid the effect of Ultralente’s slowing the
kinetics of action of the Regular (15). This is now a mool issue because lispro
and aspart are resistant to this effect (three shots each day). Also, the analogs
provide other important benefits such as no waiting time between the injection
and eating the meal, and a shorter duration of action for more focused meal-
time insulin delivery and less risk of between-meal hypoglycemia than Regular
insulin.

It confuses some practitioners that Ultralente is given twice daily, because
they were taught it has a 24-36-hour duration of action. That was when the
insulin in Ulwralente was of beef origin. Human-based Ultralente has been avail-
able for several years, and its duration of action is considerably shorter. Further,
many physicians believe that Ultralente is a peakless insulin when in fact there
is a sizable peak effect, as shown in Figure 2A, that causes some patients to
experience nocturnal hypoglycemia. Because of this, many experts advise a four-
shot variation on this regimen: Ultralente and lispro or aspart at breakfast, Huma-
log or aspart at lunch, Humalog or aspart at supper, and NPH at bedtime.
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Overview

This program is one of the best for patients who want flexibility for dietary habits
in both when they eat and what they eat. By taking rapid-acting insulin for each
meal, they can take exactly the right amount of insulin at exactly the right time.
Also, snacks or extra meals are easily covered with additional injections of rapid-
acting insulin. Furthermore, the use of separate basal and bolus insulin coverage
means patients have near-total freedom over the timing of when they eat. Thus,
this regimen is particularly useful for anyone with erratic eating habits.

The main disadvantages are twofold. Ultralente is the most inconsistent of
the available insulin preparations in terms of its absorption (16), causing consider-
able day-to-day variability in insulin action and thus glycemia in some patients.
This can be particularly problematic for patients who are highly physically active,
and is generally not the best choice for them. The second issue regards the sub-
stantial peak effect of this insulin. Trying to optimize fasting blood glucose values
by upward adjustments of the .M. Ultralente dose causes nighttime hypoglycemia
(with or without symptoms) in approximately 25% of patients. Changing to the
four-shot variation listed above often eliminates this problem.

Is it necessary to use rapid-acting insulin analogs for the mealtime coverage
over Regular insulin? Generally the answer is yes, as it has been repeatedly shown
that there is less postprandial and middle-of-the-night hypoglycemia with the
analogs (17-19). When should the analogs be injected? While there has been
some disagreement, most studies suggest injecting anywhere from 15 minutes
before the meal to when the patient starts to eat (20).

A complex issue is when to perform SBGM—pre-meal or post-meal? Be-
cause of the targeted effect of lispro and aspart for postprandial glycemic control,
pre-meal glucose monitoring does not provide optimal information for determin-
ing the mealtime insulin dosages. Thus, when beginning the program, it is uscful
on some days to measure blood glucose values before a meal (goal 80—120 mg/
dl) and other days 2 hours after meals (goal <140 mg/dl). However, once the
program has been established, the use of algorithms for adjustments in the meal-
time insulin dosage based on the glycemia at that time means that most testing
is done pre-meal.

How do you do it?

1. Calculate the 24-hour insulin need as described in Table 4.

2. Give 50% of the 24-hour dosage as Ultralente split equally between
breakfast and supper.

3. Give the remaining 50% of the 24-hour dosage at meals with, on aver-
age, 30-40% at breakfast, 30% at lunch, and 30-40% at dinner de-
pending on the patient’s eating habits.

4. Adjust these starting dosages if the patient has unusual eating, exercise,
or work habits.
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TaBLE 4 Sensitivity Factors for Calculating 24-Hour Insulin Needs
{approximate figures to be used in calculating the starting 24-hour
insulin needs)

Leahy

Phenotype
Normal weight
Extremely physically active 0.3 units/kg
Moderately physically active 0.4 units/kg
Minimally active 0.5 units/kg
Obese
Extremely physically active 0.5 units/kg
Moderate physically active 0.6 units/kg
Minimally active 0.8 units/kg
Renal failure Subtract 0.2 units/kg
Coexisting illness raising risk of hypoglycemia Subtract 0.2 units/kg
Eating habits (“’big eater’’) Add 0.1 unit/kg
New-onset type 1 diabetes <30 years old 0.3 units/kg

5. Perform daily fasting, pre-meal or 2-hour postmeal, and bedtime

SBGM along with weekly middle-of-the-night SBGM.

6. Example: 70-kg male who is moderately physically active. Total daily
insulin dose is 70 kg X 0.4 units/kg = 28 units. Total Ultralente: 28 X
50% = 14 units. A.M. and p.M. Ultralente: 14 X 50% = 7 units each.
Total lispro or aspart: 28 X 50% = 14 units. Pre-breakfast lispro or
aspart: 14 X 40% = 6 units. Pre-lunch and pre-supper lispro or aspart:
14 X 30% = 4-5 units. Final: 7 units Ultralente and 6 units lispro or
aspart pre-breakfast, 4 units lispro or aspart pre-lunch, 6 units Ul-
tralente and 4-5 units lispro or aspart pre-dinner. Adjust insulin doses
as needed based on the SBGM values 1o attain the glycemia goals in

Table 2.

Glargine and Pre-Meal Lispro or Aspart

Advantages

Basal-bolus regimen with the same advantages as the Ultralente program
Less middle-of-the-night hypoglycemic risk than Ultralente—24-hour

near-constant effect of glargine makes for an ideal basal insulin

¢ Avoids mixing, because single insulins are given at each injecion—can
thus use an insulin pen for all injections for maximal convenience and

accuracy in dosing
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Disadvantages
¢ Difficult to compensate for variances in physical activity
Program

This is a variation on the Ultralente program that substitutes glargine as the basal
insulin. This insulin has only recently come to market, and experience with it is
limited. However, what has been observed to date has raised considerable hope
that it will be an ideal basal insulin because of its near-constant (‘‘peakless’”)
effect over 24 hours (16,21), which should help lower or eliminate the nocturnal
hypoglycemia that is sometimes seen with Ultralente (22-25).

Figure 2B shows the program: lispro or aspart insulin at each meal, and
glargine at bedtime. It is a four-shot program because glargine cannot be mixed
with other insulins; the manufacturer recommends that it be given at bedtime
when other insulins generally are not given, to avoid inadvertent mixing. The
restriction against mixing reflects its insolubility at a physiological pH, which
accounts for the prolonged duration of action when injected into the subcutaneous
space. The pH of the glargine botile/cartridge is 4, which keeps it soluble for
injection and explains why it cannot be mixed with other insulins. For most pa-
tients, four shots instead of three shots per day is only a minor annoyance because
of the relative painlessness of modern injection systems. Moreover, many patients
find insulin pens preferable to syringes (at the writing of this chapter, glargine
is available only in vials but the manufacturer expects to have a pen system
shortly).

Overview

This program has all the advantages of the previously described Ultralente regi-
men, and eliminates many of the disadvantages. It is excellent for patients who
want maximal flexibility for dietary habits. Further, the studies to date have
shown a high consistency of day-to-day insulin effect for glargine, and a nearly
flat insulin profile over 24 hours (16,21), which makes for a near-perfect basal
insulin. These characteristics avoid the main disadvantages of Ultralente—its
day-lo-day variability in insulin action, and the substantial peak that causes mid-
dle-of-the-night hypoglycemia in some patients. However, it should again be
stated that glargine is very new to the market, and the reported benefits need to
be confirmed in real-world clinical scttings. On the other hand, the difficulty of
using a long-lasting basal insulin in patients whose physical activity varies widely
is as true with glargine as it is for Ultralente.
How do you do it?

1. Calculate the 24-hour insulin need as described in Table 4.
2. Give 50% of the 24-hour dosage as glargine at bedtime.
3. Give the remaining 50% of the 24-hour dosage at meals with, on aver-
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age, 30-40% at breaktast, 30% at lunch, and 30-40% at dinner de-
pending on the patient’s eating habits.

4. Adjust these starting dosages if the patient has unusual eating, exercise,
or work habits.

5. Perform daily fasting, pre-meal or 2-hour postmeal, and bedtime
SBGM along with weekly middle-of-the-night SBGM.

6. Example: 70-kg male who is moderately physically active. Total daily
insulin dose is 70 kg X 0.4 units/kg = 28 units. Total glargine: 28 X
50% = 14 units. Total lispro or aspart: 28 X 50% = 14 units. Pre-
breakfast lispro or aspart: 14 X 40% = 6 units. Pre-lunch and pre-
supper lispro or aspart: 14 X 30% = 4-5 units. Final: 6 units lispro
or aspart pre-breakfast, 4 units lispro or aspart pre-lunch, 4-5 units
lispro or aspart pre-dinner, and 14 units glargine at bedtime. Adjust
insulin doses as needed based on the SBGM values to attain the glyce-
mia goals in Table 2.

Pre-Meal Regular and Bedtime NPH
Advantages

¢ Provides more flexibility for varying exercise habits than Ultralente or glar-
gine

e Less risk of nocturnal hypoglycemia than Ultralente

¢ Aninsulin pen can be used for all injections, for maximal convenience and
accuracy in dosing

Disadvantages

Minimal flexibility for dietary variations

Must wait 30 minutes between the Regular insulin injection and the meal
e Longer effect of Regular insulin versus lispro and aspart means greater risk

of between-meal ‘‘hypos’’

Program

This is a common intensive insulin program outside the United States (as already
discussed, the United States uses Ultralente and rapid-acting insulin at meals;
the difference reflects the insulin manufacturers that serve various geographical
areas and the products they sell as opposed to any great advantage of one regimen
over another). Figure 2C shows how it is done: Regular insulin 30 minutes before
each meal and NPH at bedtime (by Il p.M. even if staying up past that time).
The 30-minute waiting period between taking the Regular insulin and eating is
important in order to match the peak insulin effect and the postprandial rise in
glycemia.
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Overview

This program is based on a different principle than the previously discussed glar-
gine and Ultralente regimens, as a single insulin is used for basal and bolus cover-
age during the day. This allows less dietary flexibility than with Ultralente or
glargine, especially for variations in mealtimes. For example, eating lunch at 12:
00 noon and dinner at 9:00 p.M. versus the usual 6:00 p.M. will be accompanied
by substantial pre-dinner hyperglycemia because of waning of the Regular insulin
effect. Some patients prevent this by taking an extra, small dose of Regular in
the middle of the afternoon. The ability to compensate for variation in meal size
is also limited with this regimen, as changing the Regular insulin dosage for a
smaller or larger than normal meal affects basal insulin delivery at the same time.
Thus, this is not the best regimen for patients who want substantial flexibility in
their diet.

In contrast, it provides more flexibility for exercise and sports than either
Ultralente or glargine, as the Regular insulin coverage is 5-6 hours compared
with the much longer duration of glargine and Ultralente.

How do you do it?

1. Calculate the 24-hour insulin need as described in Table 4.

2. Give 30% of the 24-hour dosage for the breakfast injection, 25% at
lunch, 25% at dinner, and 20% at bedtime. (The latter percentage is
for insulin-sensitive patients, the usual case in type 1 diabetes. For a
patient with type 2 diabetes, nighttime coverage usually requires a
much higher percentage of the daily insulin because of the typical pres-
ence of insulin resistance.)

3. Adjust these starting dosages if the patient has unusual eating, exercise,
or work habits.

4. Perform daily fasting, pre-meal or 2-hour postmeal, and bedtime
SBGM along with weekly middle-of-the-night SBGM.

5. Example: 70-kg male who is moderately physically active. Total daily
insulin dose is 70 kg X 0.4 units/kg = 28 units. First injection: 28 X
30% = 8 units. Second and third injections: 28 X 25% = 7 units.
Fourth injection: 28 X 20% = 6 units. Final: 8 units Regular pre-
breakfast, 7 units Regular pre-lunch, 7 units Regular pre-dinner, 6 units
NPH at bedtime. Adjust insulin doscs as needed based on the SBGM
values to attain the glycemia goals in Table 2.

Daytime NPH
Advantages

e No insulin at lunch
e Physicians most familiar with this program

270 Madison Avenue. New York. New York 10016
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¢ (Can use insulin premixes for convenience and accuracy of insulin propor-
tions

Disadvantages

No flexibility for dietary or exercise variations
Morning NPH predisposes to late-morning and early-afternoon hypoglyce-
mia requiring between-meal snacks

e Pre-supper NPH predisposes to middle-of-the-night hypoglycemia and/or
inadequate control of fasting blood glucose level

Program

Figure 3 shows how daytime NPH regimens are generally used—the two-shot
program in Figure 3A is NPH with Regular or a rapid-acting analog before break-
fast and supper (this is given as premixes in some patients), and the three-shot
program in Figure 3B is NPH and Regular or a rapid-acting analog before break-
fast, Regular or the rapid-acting analog at dinner, and NPH at bedtime (by 11
P.M. even if staying up past that time).

Overview

No discussion of insulin therapy would be complete without including daytime
NPH, the most popular insulin regimen in the United States. However, experts
argue against its use in type 1 diabetes, because inherent limitations make it
difficult, if not impossible, to obtain the glycemia goals in Table 2 without unac-
ceptable hypoglycemia. Indeed, the DCCT study, which was begun in 1985 and
planned a few years earlier, allowed only an Ultralente regimen or insulin pump
in the intensively treated group and instead assigned NPH to conventional therapy
(1). Thus, NPH-based regimens are generally appropriate only for patients who
are not candidates for intensive glycemic control.

The major limitation of this regimen is having to use NPH in the morning
to provide lunchtime insulin coverage through its “‘slow on, slow off’’ action.
This leads to hyperinsulinemia from the midmorning to the late afternoon, which
makes patients prone to hypoglycemia. Even with midmorning and midafternoon
snacks, many patients still experience late-morning ‘‘shakes’ or *‘jitters.”” To
avoid this, they generally take insufficient NPH to cover the post-lunch glycemia,
which protects against hypoglycemia but also results in hyperglycemia that con-
tinues through much of the afternoon. Further, wanting to alter the timing or type
of lunch poses an insurmountable problem with this regimen. Exercise is also
problematic because of the prolonged hyperinsulinemic effect of NPH, which
promotes peri- or post-exercise hypoglycemia. Thus, patients are locked into a
regimented lifestyle, with virtually no flexibility for variations in diet or exercise
if they are to avoid hypoglycemia. Some patients expand the flexibility of this
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Ficure 3 Conventional NPH insulin regimens showing the number of injec-
tions and time of administration relative to meals (B = breakfast; L = lunch;
S = supper) and bedtime {HS). (Top) twice-daily NPH insulin and rapid-acting
analog. (Bottom) the three-shot regimen, which splits the evening insulin into
rapid-acting analog at supper and NPH at bedtime. The shaded area depicts
the normal 24-hour pattern of insulin secretion from Figure 1. Insulin levels
from each program are shown as broken or solid lines based on the pharma-
cokinetics of the different insulin preparations. Convergence of the perimeter
of the shaded area and the insulin lines indicates correct insulin activity. Non-
convergence is too little, or too much, insulin effect.

regimen by uvsing a dose of short-acting insulin at lunch to make it more of a
basal-bolus program. However, Uliralente and glargine are botier basal insulins,
and il would seem preferable 1o use one of those regimens. Anolher approach is
to use multiple small NPH dosages throughout the day. which produces an effec-
tive basal insulin (26)—however, this is complex for the average patient, and
probably not needed now that glargine is available.

Use of NPH in the evening can also be problematic. Originally this regimen
consisted of two shots, with the NPH given with the Regular insulin at supper
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(Figure 3A). In most people, NPH is not a 12-hour insulin so fasting hyperglyce-
mia occurs, and increasing the suppertime NPH dose to try to optimize the fasting
blood glucose level often leads to middle-of-the-night hypoglycemia. An excep-
tion is when the metabolism of insulin is slowed so the NPH activity persists
until the next morning. This is seen in clderly patients because of their reduced
glomerular filtration rate, which explains why twice-a-day premixed insulins are
successful in some of those patients. Impaired renal function also slows insulin
metabolism. Otherwise, it is recommended that the nighttime insulin be given in
two injections: the short-acting insulin at supper and the NPH at bedtime (Figure
3B). Some practitioners are confused about the risk of nocturnal hypoglycemia
with this three-shot program. If the NPH is taken at 10:00 p.M., and it has a 6—
8-hour peak, they reason that the peak will be at 4—-6 a.M. and cause prewaking
hypoglycemia. Remember that insulin requirements begin to rise at 3:00 a.m.
because of the dawn phenomenon; NPH peaking betore we awake is in fact ad-
vantageous for control of the fasting blood glucose level.
How do you do it?

1. Calculate the 24-hour insulin need as described in Table 4.

2. Give two-thirds of the 24-hour dosage in the morning, with two-thirds
as NPH, the other one-third as Regular or a rapid-acting analog.

3. Give the remaining one-third of the 24-hour dosage in the p.M., with
one-half as NPH and the other half as Regular or the rapid-acting ana-
log. It is given as a single injection at supper in the two-shot program;
in the three-shot program it is divided, with the Regular or rapid-acting
analog given at supper and the NPH at bedtime (before 11 p.M. even
if staying up later).

4. Adjust these starting dosages if the patient has unusual eating, exercise,
or work habits,

5. Perform daily fasting, pre-meal or 2-hour postmeal, and bedtime
SBGM along with weekly middle-of-the-night SBGM.

6. Example: 70-kg male who is moderately physically active. Total daily
insulin dose is 70 kg X 0.4 units/kg = 28 units. Total A.M. insulin:
28 X 67% = 18 units. A.M. NPH: 18 X 67% = 12 units. A.M. Regular
or rapid-acting analog: 18 X 33% = 6 units. Total p.M. insulin: 28 X
33% = 9 units. p.M. NPH: 9 X 50% = 5 units. .M. Regular or rapid-
acting analog: 9 X 50% = 5 units. Final (two shots): 12 units NPH
and 6 units Regular or rapid-acting analog at breakfast, and 5 units
NPH and 5 units Regular or a rapid-acting analog at dinner. Final
(three shots): 12 units NPH and 6 units Regular or rapid-acting analog
at breakfast, 5 units Regular or rapid-acting analog at dinner, 5 units
NPH at bedtime. Adjust insulin doses as needed based on the SBGM
values to attain the predefined glycemia goals.
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DOSAGE ADJUSTMENTS

Modem life entails sizable variations in daily diet, activity, and work demands.
For most patients, using the same insulin doses day in and day out is not compati-
ble with stable glycemic control. Further, an important goal of modern insulin
therapy is to eliminate barriers to jobs, hobbies, sports, travel, or whatever the
patient wants for a happy life. Thus, once the insulin regimen is in place, dose
adjustments are typically built in to promote stable glycemia while allowing pa-
tients to live the kind of life they want.

Pattern Management

Changes in a patient’s activity, medical condition, or nutrition, or sometimes
unknown factors, can result in the need to maodify the basic insulin dosages and/
or program. This is recognized through pattern management, which uses the pa-
tient’s blood glucose records to identify ‘‘problem’ glycemia times and then
adjust the dose of insulin that is active at that time. This is second nature to most
patients and physicians. However, two aspects need highlighting. First, dosage
changes should be made based on several days of SBGM; an inescapable charac-
teristic of type 1 diabetes is variable blood sugars, and making a fundamental
change in the insulin program because of a few days of surprising values is ill
advised. Alternatively, if an event has occurred that explains the change in glyce-
mia and is ongoing—the patient started a new sport or exercise program, went
on a diet, etc.—it makes little sense to wait before making adjustments. Second,
a key principle in blood sugar management is that the patient’s blood glucose
value now affects what it will be several hours from now. Stated another way,
patients know that how they start the day in terms of glycemia affects their glu-
cose values for the rest of the day. Thus, if the patient’s log shows high or low
blood glucose values throughout the day, change only the overnight insulin to
optimize the fasting blood glucose level. Observe what happens to the blood
glucose values later in the day, then, if necessary, change the insulin coverage
one shot at a time (coverage for lunch, then supper, then bedtime) until day-long
glycemia is optimized.

Algorithms or Sliding Scales?

A common element of intensive insulin programs is *‘insulin algorithms’’: short-
term adjustments in doses for variable activity, diet, etc. Unlike patiern manage-
ment, the dose changes are made only once, to cover the event. Each patient’s
algorithms are unique, and are based on the patient’s and caregiver’s identifica-
tion of diet, excrcise, and other habits that cause the blood glucose values to
deviate from the usual range, then designing and validating diet and/or insulin
fixes. Algorithms are operative when patients tell you, “‘I play basketball two
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night a week after dinner with my friends. Dinner those nights is always pasta,
and I reduce my lispro by 2 units. After the game I drink half a glass of Gatorade.
Also, 1 always do a glucose test before the Gatorade and it’s generally 130 to
150. Rarely it’s less than that, and then I drink a full glass of Gatorade.”” The
purpose of these short-term adjustments is to maintain stable glycemia. Thus, by
necessity, the changes must be precise and based on testing—it needs to be
proven that a 2-unit lowering of the pre-meal insulin dose following a 60-minute
game of tennis works better than a 1- or 3-unit adjustment. In fact, as patients
start frequent use of SBGM, identifying problem activities and ‘‘fixes’” becomes
second nature for many of them. Often the role of the physician is to make sure
the changes are validated with blood glucose testing to prove they work.
Another common algorithm is to build in compensatory variations in the
mealtime insulin dose for out-of-range blood glucose levels. An example is
shown in Table 5. The dose changes are typically based on the rule of 1800,
which states that the glycemia-lowering effect of a 1-unit change in lispro/aspart
can be calculated as 1800 divided by the patient’s 24-hour insulin dosage (1500

TaBLE 5 Sample Algorithm for Pre-Meal
Adjustment Based on Self-Blood-Glucose

Measurement
Lispro/aspart

Pre-meal blood adjustment
glucose {mg/dl) (units)
<60 -2

61-80 -1

81-140 0
141-200 +1
201-260 +2
261-320 +3
>321 +4

An algorithm is a supplement or subtraction
from the usual mealtime insulin dosage that
compensates for the premeal glycemia level.
The dosing range is calculated by the rule of
1800 for lispro or aspart insulins and 1500 for
Regular insulin: divide the total 24-hour insulin
dose by 1500 or 1800 to get the glucose-low-
ering effect of 1 unit of that insulin. This algo-
rithm was for an individual taking 30 units of in-
sulin daily—thus, adjustments of 60-mg/dl
increments in glycemia per 1 unit lispro/
aspart.
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is used for Regular insulin). For example, if your patient takes 30 units of insulin
each day, each unit of lispro/aspart will lower glycemia an average ot 60 mg/
dl. The scale in Table 5 is constructed with 1-unit adjustments of lispro/aspart
for every 60-mg/dl increase or decrease from the ideal glycemia range. Key to
this practice is appreciating that these are adjuncts to the patient’s usual doses.
Thus, my own practice introduces this insulin adjustment only after we have
completed what has already been discussed: validation of the program and basic
doses, pattern management for fine tuning, and introduction of algorithms for
lifestyle variations.

In contrast to the above approach, ‘‘sliding scales’ are not recommended
although they are frequently used in primary-care settings. These are scales that
patients use to determine their mealtime insulin dosage based on/y on their blood
glucose level; their usual mealtime insulin need, what they are going to eat, recent
activity, and other relevant factors are not considered. Further, sliding scales are
rarely individualized or validated for a particular patient, so overdosing or under-
dosing is common. Thus, in most patients the net result is that sliding scales
promote erratic blood glucose control and/or an inability to get the target HbA
without unpredictable hypoglycemia (27,28). For all these reasons, sliding scales
are viewed by diabetes specialists as being generally detrimental to the patient
and not recommended.

SELF-BLOOD-GLUCOSE-MONITORING

SBGM is a necessary evil that makes having diabetes particularly difficult. De-
spite considerable improvement in meters over the past few years, the pain, incon-
venience, expense, and sometimes emotional upset caused by a ‘‘bad blood
sugar’’ make doing SBGM one of the most hated parts of the reatment program.
Physicians need to discuss this issue openly with their patients. My own practice
recommends four daily tests (pre-meal alternating with post-meal, and pre-bed)
when insulin programs are initiated or changed, or when variable daily glycemia
prevents obtaining the target HbA .. Also, the presence of hypoglycemia un-
awareness mandates frequent testing. I impress on patients that the tests are done
for them—they need to know how different aspects of their lifestyle affect their
blood glucose level. I also recommend the patient set aside a time to review and
analyze that day’s tests, often with the spouse so that there is a family approach
to taking care of the patient’s diabetes. Don’t make the mistake of leaving analysis
of the SBGM entirely up to patients and not reviewing their logs when they come
to see you. You want to know that blood testing is being done, and that patients
are correctly identifying problem patterns. Also, patients often complain, “‘I do
my blood tests, but my doctor never looks at them.”” It’s hard to convince a
patient to make a change in his or her treatment program if the doctor is viewed
as uninterested.
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Once the target HbA . is attained without problematic hypoglycemia, the
frequency of SBGM is reduced for patients who find it onerous, although this
ends up being relatively few. The common usage of mealtime algorithms based
on glycemia requires testing at each meal. Also, persons with fluctuating blood
sugars, a reduced perception of hypoglycemia, or lifestyles with sizable variations
in diet or activity should continue to test frequently. In reality, this rarely is a
contentious issue because most patients use their readings almost like a warning
light in a car to know that their diabetes is under control.

SUMMARY

I have tried to provide a conceptual framework for approaching insulin therapy
in type 1 diabetes. This is not to say it is easy. One of the key messages is
individualization—identify your patient’s lifestyle and habits, and design an insu-
lin program that incorporates these elements. Basal-bolus insulin regimens are
not burdens for patients; they free them to live the kind of life they want. The
concept of individualization should not be interpreted as lacking any principle
as to how to design an insulin program, that we make it up as we go—just the
opposite. This chapter provides a clear system that entails getting to know your
patients, and their getting to know themselves better through intensive diabetes
and dietary education. An insulin program is chosen that provides flexibility for
the identified lifestyle factors, and starting dosages are calculated based on physi-
ological and mathematical principles. SBGM is used to tweak the doses, and also
to help the patient identify what factors vary their glycemia and require algorithm
counteradjustments. Success is patients’ attaining their target HbA ., relatively
free of hypoglycemia and pursuing the kind of life they want.

REFERENCES

1. The Diabetes Control and Complications Trial Research Group. The effect of inten-
sive treatment of diabetes on the development and progression of long-term compli-
cations in insulin-dependent diabetes mellitus. N Engl J Med 329:977-986, 1993.

2. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control
with sulphonylureas or insulin compared with conventional treatment and risk of
complications in patients with type 2 diabetes. Lancet 352:837-853, 1998.

3. UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-glucose
control with metformin on complications in overweight patients with type 2 diabetes.
Lancet 352:854-865, 1998.

4. Barnett AH, Owens DR. Insulin analogues. Lancet 349:47-51, 1997.

Holleman F, Hoekstra JB. Insulin lispro. N Engl J Med 337:176-183, 1997.

6. Bolli GB, Di Marchi RD, Park GD, Pramming S, Koivisto VA. Insulin analogues
and their potential in the management of diabetes mellitus. Diabetologia 42:1151—
1167, 1999.

w

Copyright © Marcel Dekker, Inc. All rights reserved.

<
MarceL DexxEr, Inc. EL
270 Madison Avenue. New York. New York 10016 .



Intensive Insulin Therapy in Type 1 Diabetes 111

10.

12.

13.

17.

18.

20.

21.

22.

23.

Bolli GB, Owens DR. Insulin glargine. Lancet 356:443-445, 2000.

Polonsky KS, Given BD, Van Cauter E. Twenty-four-hour profiles and pulsatile
patterns of insulin secretion in normal and obese subjects. J Clin Invest 8§1:442—
448, 1988.

American Diabetes Association. Standards of medical care for patients with diabetes
mellitus. Diabetes Care 24(suppl 1):S33-843, 2001.

American Diabetes Association. Postprandial blood glucose. Diabetes Care 24:775—
778, 200].

The Diabetes Control and Complications Trial Research Group. Hypoglycemia in
the Diabetes Control and Complications Trial. Diabetes 46:271-286, 1997.
Simonson DC, Tamborlane WV, DeFronzo RA, Sherwin RS. Intensive insulin ther-
apy reduces counterregulatory hormone responses to hypoglycemia in patients with
type | diabetes. Ann Intern Med 103:184-190, 1985.

Amiel SA, Tamborlane WV, Simonson DC, Sherwin RS. Defective glucose counter-
regulation after strict glycemic control of insulin-dependent diabetes mellitus. N
Engl J Med 316:1376-1383, 1987.

Reichard P, Nilsson BY, Rosengvist U. The effect of long-term intensified insulin
treatment on the development of microvascular complications of diabetes mellitus.
N Engl J Med 329:304-309, 1993.

Colagiuri S, Villalobos S. Assessing effect of mixing insulins by glucose-clamp
technique in subjects with diabetes mellitus. Diabetes Care 9:579-586, 1986.
Lepore M, Pampanelli S, Fanelli C, Porcellati F, Bartocci L, Di Vincenzo A, Cordoni
C, Costa E, Brunetti P, Bolli GB. Pharmacokinetics and pharmacodynamics of sub-
cutaneous injection of long-acting human insulin analog glargine, NPH insulin, and
ultralente human insulin and continuous subcutaneous infusion of insulin lispro. Dia-
betes 49:2142-2148, 2000.

Brunelle BL, Llewelyn J, Anderson JH Ir, Gale EA, Koivisto VA. Meta-analysis
of the effect of insulin lispro on severe hypoglycemia in patients with type 1 diabetes.
Diabetes Care 21:1726—1731, 1998.

Heller SR, Amiel SA, Mansell P. Effect of the fast-acting insulin analog lispro on
the risk of nocturnal hypoglycemia during intensified insulin therapy. U.K. Lispro
Study Group. Diabetes Care 22:1607-1611, 1999.

Gale EA. The UK Trial Group. A randomized, controlled trial comparing insulin
lispro with human soluble insulin in patients with Type | diabetes on intensified
insulin therapy. Diabet Med 17:209-214, 2000.

Rassam AG, Zeise TM, Burge MR, Schade DS. Optimal administration of lispro
insulin in hyperglycemic type | diabetes. Diabetes Care 22:133-136, 1999.
Heinemann L, Linkeschova R, Rave K, Hompesch B, Sedlak M, Heise T. Time-
action profile of the long-acting insulin analog insulin glargine (HOES01) in com-
parison with those of NPH insulin and placebo. Diabetes Care 23:644-649,
2000.

Raskin P, Klaff L, Bergenstal R, Halle JP, Donley D, Mecca T. A 16-week compari-
son of the novel insulin analog insulin glargine (HOE 901) and NPH human insulin
used with insulin lispro in patients with type 1 diabetes. Diabetes Care 23:1666—
1671, 2000.

Rosenstock J, Park G, Zimmerman J. Basal insulin glargine (HOE 901) versus NPH

Copyright © Marcel Dekker, Inc. All rights reserved.

<
MarceL DexxEr, Inc. EL
270 Madison Avenue. New York. New York 10016 .



112

24.

25.

26.

27.

28.

Leahy

insulin in patients with type | diabetes on multiple daily insulin regimens. Diabetes
Care 23:1137-1142, 2000.

Pieber TR, Eugene-Jolchine I, Derobert E. The European Study Group of HOE 901
in Type 1 Diabetes. Efficacy and safety of HOE 901 versus NPH insulin in patients
with type 1 diabetes. Diabetes Care 23:157-162, 2000.

Ratner RE, Hirsch 1B, Neifing JL, Garg SK, Mecca TE, Wilson CA. U.S. Study
Group of Insulin Glargine in Type | Diabetes. Less hypoglycemia with insulin glar-
gine in intensive insulin therapy for type | diabetes. Diabetes Care 23:639-643,
2000.

Lalli C, Ciofetta M, Del Sindaco P, Torlone E, Pampanelli S, Compagnucci P,
Cartechini MG, Bartocci L, Brunetti P, Bolli GB. Long-term intensive treatment of
type | diabetes with the short-acting insulin analog lispro in variable combination
with NPH insulin at mealtime. Diabetes Care 22:468-477, 1999.

Gearhart JG, Ducan JL, Replogle JH, Forbes RC, Walley EJ. Efficacy of sliding-
scale insulin therapy: a comparison with prospective regimens. Fam Pract Res J 14:
313-322, 1994.

Sawin CT. Action without benefit: the sliding scale of insulin use. Arch Intern Med
157:489, 1997.

Copyright © Marcel Dekker, Inc. All rights reserved.

<
MarceL DexxEr, Inc. EL
270 Madison Avenue. New York. New York 10016 .



38

Insulin Therapy In Type 2 Diabetes Mellitus

Andrew J. Ahmann
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INTRODUCTION

The prevalence of type 2 diabetes mellitus is increasing at an alarming rate in
the United States and around the world (1). Itis a very costly discase, both mone-
tarily and in terms of reduced quality of life (2). These costs are the consequence
of the multiple debilitating chronic complications of hyperglycemia. The clini-
cian’s therapeutic goal is to avoid and mitigate these complications.

Just as the Diabetes Contro] and Complications Trial (DCCT) did for type
1 diabetes, the United Kingdom Prospective Diabetes Study (UKPDS) clearly
demonstrated the significant benefit of improved glucose control in reducing the
microvascular complications of type 2 diabetes (3). There was also a reduction
in the rate of myocardial infarction (MI) among those treated with sulfonylureas
or insulin, but it narrowly failed to reach statistical significance (p = 0.052).
However, the epidemiological analysis including all the study individuals sup-
ported the linear relationship between glucose control and MI. Each 1% decrease
in HbA . was associated with a 14% decrease in MI, a correlation that was statisti-
cally significant with a p value <0.0001 (4).

Concomitant with our recognition of the increasing public health burden
of type 2 diabetes has come the growing emphasis on glucose control as the
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cornerstone of the therapeutic approach to this disease. The American Diabetes
Association (ADA) recommends an HbA . goal of 7.0% (5). Several other organi-
zations in the United States and internationally propose even lower goals of 6.5%,
and a U.S. national trial is now underway to test the value of treating to a goal
of =6.0% in type 2 diabetes.

Fortunately, many new oral medications with different mechanisms of ac-
tion have become available to treat this disease (6). Progress has been made in
moving our diabetes population toward the stated goals of glucose control. Yet,
overall, we fail far too often. The tocus must be on treating to goal.

The UKPDS helped clarify the progressive nature of type 2 diabetes. After
6 years of disease, only one-third of patients continued to have an HbA,. under
7.0% on their initially assigned treatment alone (7). Therefore, using 7.0% HbA .
as a measure of success, monotherapy failed at a ratc of about 10% per year.
Furthermore, this failure was shown to correlate with reduced B-cell function,
or, more specifically, progressive insulin deficiency. It is clear that for many
individuals with type 2 diabetes, insulin alone or in combination with oral agents
will be required to treat the insulin deficiency. This will become an even greater
issue in the years ahead as the number of individuals with long durations of
type 2 diabetes increases. This expectation derives from the recognized relative
increase in the number of younger adults being diagnosed with this form of diabe-
tes as well as general increased Jongevity of our population (1).

INDICATIONS FOR INSULIN THERAPY IN TYPE 2 DIABETES

Insulin therapy has multiple forms and applications in type 2 diabetes (Table
1). Some of these indications are temporary, such as during an acute illness, in
pregnancy, and when those taking metformin are at risk for renal insufficiency
or other factors predisposing to lactic acidosis. Insulin is also indicated as initial
therapy when individuals present with severe hyperglycemia (fasting glucose
over 300 mg/dl or random glucose values over 400 mg/dl) with significant symp-
toms such as severe polyuria, severe fatigue, and weight loss.

Obviously, insulin is often initiated as permanent therapy after a period of
oral agent therapy when the insulin secretory defect has progressed to the point
where insulin secretagogues are no longer able to supply adequate insulin to
prevent severe hyperglycemia, even in the presence of complementary insulin
sensitizers. At other times, insulin may be required earlier than normally expected
because of intolerance or contraindications to one or more oral agents. For exam-
ple, both metformin and thiazolidinediones are contraindicated in congestive
heart failure, and insulin will be needed as soon as sceretagogues alone fail to
control glucose.

We have become increasingly aware of a diagnostic dilemma relevant to
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TaBLE 1 Indications for Insulin in Type 2 Diabetes

Temporary insulin therapy
At initial diagnosis if the patient has symptomatic severe hyperglycemia
Pregnancy
Acute intercurrent illness with glucose decompensation
During steroid therapy
Perioperatively
End-stage renal disease
Frequently during hospitalization
During acute Ml or CVA
When metformin is discontinued due to increased risk of lactic acidosis
Fear of renal insufficiency due to intravenous dyes
Hypoperfusion states such as sepsis or hypotension
During parenteral or enteral alimentation
Ketosis or hyperosmolar state

Permanent insulin therapy

In CHF when metformin and thiazolidinediones are contraindicated and
other agents fail to control glucose

When it is determined that patient may actually have latent autoimmune
diabetes in adults (LADA) rather than type 2 diabetes

When oral combination therapy is not tolerated or fails to maintain HbA,,
under 7.0%

the differential diagnosis of the type of diabetes in adults. As opposed to the
clinical presentation of type | diabetes in youth, adults may experience a more
insidious onset and may respond to oral agents initially (8). This diagnosis is
sometimes referred to as latent autoimmune diabetes of adults (LADA). This
differentiation is generally made on clinical grounds. The diagnosis of type |
diabetes should be considered when individuals have no family history of type
2 diabetes, are thin, and have an atypical treatment course. For example, if glu-
cose levels are highly labile on oral agents or if there is failure of an oral therapy
within a year, the diagnosis should be reconsidered.

There is no simple standardized laboratory method of differentiating these
two main forms of diabetes. There is no standard for use of individual c-peptide
levels in this setting, and stimulated c-peptide has been used only as a research
test. The presence of anti-GAD (glutamic acid decarboxylase) antibodies or islet
cell antibodies can be helpful, but the reliability of either test individually is only
about 75% and it is not certain that commercial antibody tests are equivalent to
those used in research.
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PATIENTS” AND PHYSICIANS® CONCERNS ABOUT INSULIN
USE IN TYPE 2 DIABETES

There has been considerable controversy about the potential for exogenous insu-
lin to promote macrovascular complications of diabetes. Much of this concern
stems from evidence that insulin resistance is associated with increased rates of
cardiovascular disease (9). Several studies have demonstrated a correlation be-
tween insulin levels and cardiovascular events. However, in these studies of a
broad spectrum of individuals, it is likely that elevated endogenous insulin levels
are simply a marker for the constellation of cardiovascular risk factors inherent in
the insulin-resistance syndrome. It is quite clear from the UKPDS that individuvals
receiving insulin as their initial treatment did not experience increased cardiovas-
cular complications (3). In fact, there was a trend toward reduced frequency of MI
in insulin-treated patients. Evidence also exists that initiation of insulin therapy in
the immediate post-M1 period can reduce cardiovascular moertality at both T and
3 years (10). There 1s other evidence that insulin can reduce certain recognized
risk markers for cardiovascular disease, such as c-reactive protein and small dense
LDL {11,12). At this time the preponderance of evidence supports the cardiovas-
cular safety of insulin therapy when it is required (o conuol glucose. There is
no good evidence that exogenous insulin administration advances cardiovascular
disease.

Hypoglycemia is the primary adverse event associated with insulin therapy.
However, this acute complication of therapy is much less frequent with type 2
diabetes than type 1 disease. Severe episodes occur in 0.5-2.0% of insulin-treated
patients (3,13). Likewise, hypoglycemia is generally less severe with type 2 dia-
betes. Although insulin-induced hypoglycemia may influence the insulin doses
and specific insulin regimen, it does not preclude safe and effective insulin ther-
apy. In type 2 diabetes, the progression from an insulin regimen using one injec-
tion at bedtime to more complex regimens is associated with increased frequency
of hypoglycemia. The most common precipitating factor for hypoglycemia is
skipped meals (up to 80% of hypoglycemic events). Other significant factors are
unusually heavy exercise and excess doses. When using insulin, more frequent
home glucose monitoring is appropriate in order to identify hypoglycemia and
to facilitate optimal insulin dosing.

Weight gain is frequently cited as a great concern with insulin therapy. The
amount of weight gain is dependent on multiple factors, including the type of
insulin regimen, the total dose, and the oral agents used concomitantly. We still
lack clear informaticn on the relative effects of various regimens of insulin dosing
as well as the relative effects of the individual longer-acting insulins or insulin
analogs. For example, there is some evidence that in individuals with type 2
diabetes, insulin glargine may result in less weight gain (14), Adding metformin
to insulin alone or to combinations of insulin with other oral agents generally
results in reduced weight gain as the HbA |, drops with therapy (15). However,
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the combination of insulin with thiozolidinediones (TZDs) appears to cause the
greatest weight gain. This combination is also associated with more frequent
peripheral edema and possibly with exacerbations of congestive heart failure in
susceptible individuals. The degree of weight gain seen when insulin is combined
with sulfonylureas is probably intermediate between that occurring with insulin—
metformin and that with insulin-TZD combinations. However, there is prelimi-
nary evidence that glimepiride and glipizide GITS may be associated with less
weight gain than other sulfonylureas such as glyburide. The amount of weight
gain with insulin, alone or in combination, is usually modest, with the exception
of occasional dramatic weight gain with an insulin—TZD combination. It appears
that the weight gain seen with insulin therapy is insufficient to offset the benefit
rendered by improved glucose control. Whenever possible, it is advantageous to
accelerate exercise and improve the diet simultaneously with initiation of insulin
therapy. Overtreatment with insulin must be avoided because hypoglycemia fur-
ther stimulates appetite and may lead to unnecessary eating in order to prevent
hypoglycemic episodes once the patient has had an emotionally traumatic experi-
ence with hypoglycemic reactions.

Finally, many patients have a predetermined aversion to injections and mis-
conceptions about the ramifications of insulin therapy. There are also issues of
convenience and the social stigma of giving injections in public. The ‘‘needle
phobia’’ is almost always resolved after the initial several injections. Pen injec-
tion devices are one common means of addressing the convenience issue. Time
spent with an experienced diabetes educator will facilitate the comfortable transi-
tion to injections and allay the patient’s unfounded fears. Additionally, patient
education on causes and treatment of hypoglycemia will be needed when initial-
ing insulin therapy. In fact, this critical juncture in the continuum of diabetes
management is an excellent opportunity to refresh patients’ knowledge of their
disease state by referring them to an updated diabetes education class or for needs
assessment by a Certified Diabetes Educator.

Unfortunately, many physicians are reluctant to initiate insulin therapy in
a timely fashion for the reasons noted above. This tendency may be compounded
by the inconvenience of arranging safe insulin therapy and the extra time needed
to communicate with patients as they begin to titrate the insulin doses. The pri-
mary-care physician, in particular, must come to appreciate the advantages of
instituting insulin therapy at the appropriate time rather than leaving the patient
uncontrolled and susceptible to the acceleration of chronic complications. Fur-
thermore, delay will reduce the benefit that insulin may offer in preserving B-
cell function that can contribute to more consistent glucose control.

THE BENEFITS OF INSULIN THERAPY

Despite the reservations of many practitioners about initiating insulin therapy,
there should be no question about the ability of insulin to help patients with type
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2 diabetes reach therapeutic goals. A number of studies have documented the
success of progressive treatment regimens that include graduated insulin therapy
(16,17). Obviously, recognition of a progressive B-cell defect leads to the conclu-
sion that exogenous insulin will be required when overall insulin secretion is
inadequalte to reach an HbA . of 7.0%.

However, insulin has a number of other benefits that are important to under-
stand. As blood glucose elevates due to failure of oral agent therapy or due to
other factors such as an intercurrent illness, the elevated glucose levels create a
vicious cycle often referred to as ‘‘glucotoxicity.”” This term applies to the ability
of hyperglycemia to increase insulin resistance and to further inhibit B-cell func-
tion (18). Insulin therapy has proven to be the most predictable and rapid method
of correcting the hyperglycemia and therefore overcoming the glucotoxicity. Ac-
cordingly, the doses of insulin required to attain the desired glucose reductions
may be considerably higher than the doses required to maintain glucose goals
later. In many cases in which insulin is used to control severe, symptomatic hy-
perglycemia at the time of diagnosis, oral agents can effectively replace insulin
therapy after a period of glucose stabilization. Sometimes physicians ignore this
possibility and patients remain on insulin indefinitely only because oral agent
therapy was never attempted.

In type 2 diabetes, most obese patients experience significant elevations of
fasting blood glucose. The postprandial glucose excursions are then added to this
elevated baseline glucose. In many cases, early treatment with sulfonylureas will
expose the tendency to maintain elevated fasting glucose levels despite the possi-
bility of hypoglycemia at other times, such as before dinner. The underlying
morning hyperglycemia is the result of excess hepatic glucose production during
the night. Normally, insulin suppresses hepatic glucose production. In fact, exog-
enous insulin will reduce excess glucose production at doses that are significantly
lower than those required to facilitate insulin-mediated glucose uptake in muscle
tissue. Treatment with evening insulin is clear]y the most targeted and effective
method of reducing fasting blood glucose.

COMBINATION THERAPY WITH ORAL AGENTS AND
INSULIN

The addition of insulin to sulfonylureas became popularized over a decade ago
as clinical researchers began to better understand the pathophysiology of type 2
diabetes and also recognized the reluctance of patients and physicians to proceed
to insulin therapy when indicated. The concept of BIDS (bedtime insulin, daytime
sulfonylurea) developed from the knowledge that bedtime intermediate insulin
could effectively reduce nocturnal hepatic glucose production and reduce gluco-
toxicity. The improved morning blood glucose levels then promote the daytime
effectiveness of the sulfonylureas, including reduced postprandial glucose excur-
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sions. The simplicity of this evening insulin strategy is also an excellent transition
to later, more complex insulin therapy. Patients need take the bedtime dose of
NPH insulin only when they enjoy relative privacy, and they need focus on morn-
ing blood glucose monitoring only initially, since the method will not be success-
ful until the fasting glucose is controlled. Also, hypoglycemia is also relatively
unlikely to occur with this method.

Compared with regimens consisting of moming NPH with sulfonylureas,
Regular and NPH insulin twice daily, or a basal-prandial insulin regimen, the
BIDS approach demonstrated equal efficacy with less weight gain (19). Com-
bined insulin—sulfonylurea therapy has been followed by evening insulin combi-
nations with subsequently released classes of oral agents, including metformin
and TZDs. A carefully designed study comparing evening insulin combinations
with metformin, glyburide, combined glyburide and metformin, or a second
morning insulin dose demonstrated the ability of the metformin—insulin combina-
tion to maximize glucose reductions with minimum weight gain (20). Of course,
various combinations of oral agents are routinely used with evening insulin in
the normal progression of therapy. These various combinations have not been
individually evaluated.

INTENSIFIED INSULIN REGIMENS

Type 2 diabetes is not a homogeneous disease. For example, some individuals
will have accelerated loss of insulin secretion and require multiple insulin injec-
tions within a few years. These patients are often of normal weight but have no
evidence of type 1 diabetes. Nevertheless, their primary pathophysiological defect
is related to insulin deficiency rather than insulin resistance. Many others will
have a slowly progressive B-cell dysfunction that eventually results in severe
insulin deficiency and the need for insulin. Because a larger number of individuals
are developing type 2 diabetes at an early age, this latter segment of the popula-
tion will also lead to the more frequent need for more complex insulin regimens.
Twice-daily intermediate/Regular insulin dosing has been commonplace in treat-
ment of type 2 diabetes. This regimen often implements premixed insulin twice
daily for simplicity.

However, the rend now is toward more physiological insulin regimens,
like those commonly used in type | diabetes. The most advanced scheme utilizing
injectable insulin is frequently reterred to as a *‘basal-prandial’’ or ‘‘basal-bolus’”
insulin regimen. These regimens are designed to simulate physiological insulin
delivery as much as possible. They employ long-acting insulin in amounts neces-
sary to suppress hepatic glucose production and provide the low levels of insulin
needed during periods without food ingestion. Short-acting or very-short-acting
insulins (analogs lispro and aspart) are then used to supply the insulin needed
for food intake. If properly employed, this regimen offers increased lifestyle flex-
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ibility in addition to better consistency and possibly less hypoglycemia. Continu-
ous subcutaneous insulin infusion (insulin pump) therapy is the most technologi-
cally advanced model of this approach but is not considered a standard option
for type 2 diabetes at this time. Fortunately, after the struggle for many years
with suboptimal long- and intermediate-acting *‘‘basal’’ insulins, the recent avail-
ability of the long-acting insulin analog glargine has greatly improved the practi-
cality and simplicity of basal-prandial insulin therapy. Generally, the relative
ratio of basal:prandial insulin is close to 1:1 (prandial doses combined comprise
about 50% of total daily insulin). Historically, more complex insulin regimens
have carried an increased risk of hypoglycemia. This is not necessarily true for
glargine—lispro or glargine—aspart regimens. Glargine has a 24-hour duration and
is more consistently absorbed than other basal insulin options. 1t is usually admin-
istered once daily, at bedtime. The dose is titrated to attain morning glucose
values under 120 mg/dl.

THE ROLE OF INSULIN IN TYPE 2 DIABETES TREATMENT
PROGRESSION

Because type 2 diabetes is a progressive disease, the treatment strategy has
evolved into a sequential intensification most often marked by addition of oral
agents as needed to maintain glucose control goals. When appropriate combina-
tions of oral agents fail, insulin is typically added. As shown in Table 2, unless
initiated early because of severe hyperglycemia at diagnosis, insulin is most often
introduced when two or three oral agents in combination have failed.

A significant decision point is noted at step 4 in the table. It is here that
one must decide between adding a third oral agent, most often a TZD, or adding
insulin. Although adding a TZD is reasonable, considering the role of insulin
resistance in most cases of type 2 diabetes, this strategy is not as predictable as
utilizing insulin in attempting to reach target glucose levels. When a TZD is
added, one must be certain that an HbA . of <7.0% is reached within 3 or 4
months. If this goal is not attained, one should change to insulin. Furthermore,
the addition of insulin is generally more cost-effective in lowering blood glucose.

When adding evening NPH to a sulfonylurea and metformin, one should
decrease the sulfonylurea to half the maximal dose (e.g., 4 mg glimepiride, 10
mg glipizide GITS, or 10 mg glyburide) if a larger dose had been used prior to
this change. If glargine is used at bedtime, one should reduce the sulfonylurea
to 25% of maximum dose. Because glargine will carry over a significant insulin
effect before dinner, the sulfonylurea may require further reduction or may be
eliminated.

Likewise, when triple oral agent therapy has been instituted but is no longer
successful, insulin should be added to the three-drug regimen and the sulfonylurea
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TaBLE 2 Typical Progression of Type 2 Diabetes Therapy (Goal HbA, =
7.0%; therapeutic change point >7.0% X 2 (at 3-month intervals)

Primary Alternatives

Step 1 Lifestyle change

Diet and exercise If HbA,, = 8.0%
Qo to Step 2 If HbA, 8-9.5%
GotoStep3orb If HbA: > 9.5%
Step 2 Oral monotherapy Pioglitazone, rosiglitazone,
Metformin or sulfonylurea repaglinide, nateglinide
(acarbose, miglitol)
Step 3 Oral combination therapy Add acarbose or miglitol

Add metformin, SU, TZD, Re-
paglinide, or nateglinide
Step 4 Three-agent therapy
Add third drug with different
mechanism
e.g., sulfonylurea + metfor-
min + TZD
or
Add ep.m. insulin to two-drug
regimen
NPH or glarging at HS
70/30 or Humalog Mix 75/25
before dinner
Step 5 Insulin twice daily
May add metformin or TZD if
insulin dose is over 1 U/
kg/d with suboptimal con-
trol
Step 6 Basal-bolus insulin regimen
e.g., glargine at HS with lis-
pro or aspart before each
meal

decreased similarly. However, as control improves with the addition of insulin,
one should attempt discontinuing at least one agent.

As an alternative to bedtime N or glargine, premixed insulin (70/30 or
Humalog Mix 75/25) can be implemented before dinner if the patient is > 150%
ideal body weight (22). Humalog Mix contains rapid-acting lispro, which may
provide added convenience because it can be given just before eating rather than
30 minutes prior, and specifically targets postprandial glucose reduction. How-
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TaBLE 3 Insulin Action Profiles

Insulin type Onset Peak Duration
Lispro/aspart 5 min 1 hr 2-4 hr
Human Regular 30-60 min 2-3 hr 3-6 hr
Human NPH 2-4 hr 4-10 hr 10-16 hr
Human Lente 3-4 hr 4-12 hr 12-18 hr
Human Ultralente 6-10 hr 12-16 hr 18-20 hr
Insulin glargine 1-2 hr ? flat About 24 hr

cver, the cost is significantly greater than that of standard 70/30 human insulin.
When glargine at bedtime is the first insulin used, as may be preferable for many
patients, a premixed insulin can later be substituted or a second injection of lispro
or aspart can be given before dinner if isolated hyperglycemia is noted after
dinner.

When evening insulin strategy fails, one can easily transition to twice-daily
insulin with premixed insulin or self-mixed NPH/Regular or NPH/rapid-acting
insulin analog before breakfast and dinner. Table 3 shows the time—action rela-
tionships of the various insulin products (22). Exact insulin requirements are
difficult to predict due to intraindividual variability in insulin sensitivity. Because
the change has usually been motivated by poor glucose control, the initial b.i.d.
dose can safely be determined by first calculating the total daily insulin dose as
1.5 times the previous evening insulin dose. This 24-hour dose is then delivered
in two evenly divided doses before breakfast and dinner.

When twice-daily dosing is ineffective, is associated with nocturnal hypo-
glycemia, or is too inflexible for a patient’s needs, he or she progresses to a basal-
prandial insulin regimen. That transition is easiest if the patient was initially on
glargine as part of a combined evening insulin—oral agent regimen and simply
adds pre-meal insulin while stopping any insulin secretagogue. The initial pre-
meal insulin doses can be estimated from the total glargine dose—a similar daily
mealtime insulin requirement is divided into three doses according to the relative
size of the three meals. Alternatively, advanced instruction in carbohydrate count-
ing can be used to better determine individual meal requirements by establishing
a ratio of rapid-acting insulin analog to grams of carbohydrate consumed. This
practice also offers added flexibility in lifestyle. The basal-prandial insulin ap-
proach can more safely facilitate calorie restriction for weight loss as well.

Another alternative to this dual insulin regimen is the use of rapid-acting
insulin analog to cover prandial excursions while an oral agent covers basal re-
quirements (Table 4). In one study, this regimen, aimed at postprandial glucose
control, reduced HbA,, more than metformin—glyburide and BIDS regimens.
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TaBLE 4 Typical Protocol for Adding Insulin to Oral Agent Therapy

Continue oral agents, but reduce the sulfonylurea to 50% maximum dose
if using NPH at bedtime or premixed insulin at dinner or to 25% if
using glargine at bedtime

Begin with a single dose of 10 units in the evening {(or may go to 0.15 U/
kg) in the evening:
NPH at bedtime
Glargine at bedtime
70/30 30 minutes before dinner
Humalog Mix 75/25 not more than 10 minutes before dinner

Measure the morning {fasting) blood glucose daily

Increase the insulin weekly by:
2 units if FBG is >120
4 units if FBG is >160

The goal is to have the morning glucose 90-130 mg/dl > 50% of the time
if possible, with no symptomatic hypoglycemia

However, the study had some limitations, including poor success with the BIDS
regimen aimed at reducing fasting blood glucose (23).

Any insulin regimen can benefit from the addition of insulin sensitizers
when total insulin doses are high, i.e., 1 U/kg/day. Again, metformin is the pre-
ferred initial oral agent addition in this setting because it has a weight-reduction
benefit. However, TZDs are very effective additions in patients who are highly
insulin-resistant. As mentioned above, the prevalence of lower-extremity edema
is higher when TZDs are used with insulin. However, many patients do not expe-
rience edema and weight gain, and fear of these complications should not pre-
clude the use of these potentially highly effective agents if the patient is properly
educated about possible problems. Both TZDs and metformin can be used with
insulin simultaneously, but there is no reported experience with this practice. The
cost would be significant if insulin doses are not significantly reduced by this
approach.

SUMMARY

Type 2 diabetes will become an ever-increasing part of most medical practices
in the United States. Individuals are developing diabetes at an earlier age and
will experience longer durations of disease with associated progressive insulin
deficits. Insulin therapy will therefore become a common requirement in man-
aging type 2 diabetes. New insulin products and regimens are changing the
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therapeutic approach. The combination of insulin with oral agents will remain
an important first step in this form of diabetes, but many patients will progress to
basal-prandial insulin regimens similar to those used in type 1 diabetes in recent
years. The goal of therapy is to reach target HbA . levels of =7.0% without
exposing the patient to adverse effects.
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Insulin Therapy in Children

William V. Tamborlane
and JoAnn Ahern

Yale School of Medicine, New Haven, Connecticut

INTRODUCTION

Type 1 diabetes mellitus in childhood and adolescence presents special challenges
to pediatric health-care providers. The combination of severe insulin deficiency
and the physical and psychoemotional changes that accompany normal growth
and development make day-to-day management of pediatric patients especially
difficult. Moreover, the results of the Diabetes Control and Complications Trial
(DCCT) have raised the bar considerably higher with respect to goals of treat-
ment, since intensive treatment was shown to significantly reduce the risk of
progression of retinopathy and the development of microalbuminuria (1-3). Cur-
rent recommendations mandate that youths with type 1 diabetes should aim to
achieve metabolic control as close to normal as possible and as early in the course
of the disease as possible. Remarkably, a much greater proportion of young pa-
tients are meeting strict standards of care than ever imagined possible only a few
years ago. Our approach to insulin replacement in children and adolescents with
type 1 diabetes is discussed below.

127
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GOALS OF TREATMENT

The traditional goals of treatment of children and adolescents with diabetes were
to use insulin, diet, and exercise to minimize symptoms of hypoglycemia and
hyperglycemia, promote normal growth and development, and, using intensive
education and psychosocial support, maximize independence and self-manage-
ment in order to reduce the adverse psychosocial effects of this chronic disease.
Since the results of the DCCT were published, additional primary aims of therapy
are to lower blood glucose and glycosylated hemoglobin values to as close to
normal as possible. In pediatric patients, achievement of such stringent treatment
goals is best accomplished with a multidisciplinary team of clinicians to provide
ongoing education and support of aggressive self-management efforts on the part
of parents and patients. Matching the treatment to the patient (rather than vice
versa) by taking a flexible and varied approach to insulin replacement, diet, and
exercise is critically important.

It is recognized that intensive treatment places extra burdens on patients
and families and that practical considerations, such as acceptability of and com-
pliance with the treatment regimens, must be balanced appropriately to attain all
these aims of therapy. Nevertheless, recent data suggest that an intensive ap-
proach to diabetes education and aggressive self-management by patients and
families may reduce rather than increase the adverse psychosocial effects of this
chronic illness (4).

INSULIN REGIMENS

Initiation of insulin treatment can be accomplished in either the inpatient or outpa-
tient setting. Many youngsters require hospital admission due to vomiting, dehy-
dration, and/or moderate to severe ketoacidosis. In patients who are not ill at
presentation, admission to the hospital may also provide the child and parent
with a safe and supportive environment in which to adjust to the shock of the
diagnosis. Outpatient management in a comprehensive day treatment program
staffed by individuals knowledgeable in the care of children with diabetes can
also provide a supportive environment in which to initiate therapy (5) and such
programs are becoming more widely available.

Once so simple, the choice of types of insulin and insulin regimen has
become much more complicated. To the standard human Regular, NPH, Lente,
and Ultralente insulins have been added new insulin analogs. Lispro and aspart
insulin are produced by amino acid substitutions near the C-terminal end of the
B-chain. These substitutions do not affect the biological actions of insulin but
result in more rapid absorption than Regular insulin following subcutaneous in-
jection. The sharper peak and shorter duration of these insulins compared with
Regular insulin may be of particular advantage in teenagers who require large
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pre-meal bolus doses of rapid-action insulin. There are fixed mixtures of both
human insulin and human insulin analogs, and inhaled insulin preparations are
currently under study (6). A sampling of the variety of conventional and uncon-
ventional insulin regimens is given in Table 1.

Although many clinicians start insulin treatment with three or more daily
injections, we begin most newly-diagnosed patients on two injections of insulin
per day using mixtures of human Lente (two-thirds) and lispro (one-third) insu-
lins. The rationale for using two rather than three or more injections at onset of
diabetes is that with aggressive control of blood levels, most children enter a
“‘honeymoon’’ or partial remission period after a few weeks of therapy. This
remission period is a result of increased insulin secretion by residual B-cells and
improved insulin sensitivity with normalization of blood glucose levels (7). To
achieve these effects, we start each patient on a total daily dose of at lcast one
unit per kilogram body weight per day. Even more important, each component
of the insulin regimen is adjusted on the basis of fingerstick blood glucose levels
measured at least four times a day. The goal is to obtain pre-meal blood glucose
values within the normal range, and this is achieved via daily telephone contact
with the family for at least the first 3 weeks of treatment. The DCCT data indicate
that strict control of diabetes also serves to prolong the period of residual B-cell
function in patients with type | diabetes (8).

During the ‘‘honeymoon,” insulin requirements rapidly decrease. Com-
monly, the doses of rapid-acting insulin are sharply reduced or discontinued dur-
ing this time; many children are well managed with two injections of intermedi-
ate-acting insulin and some may not even require an evening injection. In the
absence of symptomatic hypoglycemia, however, we try not to lower the total
daily dose of insulin below 0.20—0.25 units per kilogram body weight per day,
since these are doses that were safely employed even in prediabetic children in
the DPT-1 study (9).

TaBLE 1 Sample Insulin Regimens

Lunch/afternoon
Doses Breakfast snack Dinner Bedtime
Two R+ I R+ 1
R+1+1L R+1+1L
| +L | +L
Three R+1=+1L R I +R
R+ 1 R R+1=xL
Four R R lorL*R
Types of insulin: R = rapid-acting (Regular, lispro, aspart) insulin; | = intermediate-

acting (NPH, Lente) insulin; L = long-acting (Ultralente).

270 Madison Avenue. New York. New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

MarceL DexxEr, Inc.

=



130 Tamborlane and Ahern

A major reason that the two-daily-injections regimen is effective during
the honeymoon phase is that endogenous insulin secretion provides much of the
overnight basal insulin requirements, leading to normal fasting blood glucose
values. Thus, increased and more labile pre-breakfast glucose levels often herald
the loss of the relatively small amount of residual endogenous insulin secretion
that is required for overnight glucose control. When residual B-cell function
wanes, problems with the two-injection regimen become apparent. One is that
the peak of the pre-dinner intermediate-acting insulin may coincide with the time
of minimal insulin requirements (i.e., midnight to 4 A.M.). Subsequently, insulin
levels fall off when basal requirements are increasing (i.e., 4 to 8 A.M.). Increasing
the pre-supper dose of intermediate-acting insulin to lower fasting glucose values
often leads to hypoglycemia in the middle of the night without correcting hyper-
glycemia before breakfast. Patients are especially vulnerable to hypoglycemia in
the middle of the night because the normal plasma epinephrine response to low
blood glucose levels is markedly blunted during deep sleep (10). Another problem
with the conventional two-injection regimen is high pre-supper glucose levels,
despite normal or low pre-lunch and mid-afternoon values. This is due in part
to cating an afternoon snack when the cffects of the pre-breakfast dose of interme-
diate-acting insulin is waning.

One way to deal with these problems without increasing the number of
injections is to add Ultralente insulin to the pre-breakfast and pre-supper mixtures
of lispro and Lente. With this combination in the morning, lispro covers breakfast,
Lente covers lunch, and Ultralente the late afternoon period. With the pre-supper
dose, lispro covers supper, Lente covers the bedtime snack and part of the over-
night period, and Ultralente helps limit the pre-breakfast rise in plasma glucose.
However, when strict control cannot be achieved with two daily injections, we
do not hesitate to switch to a regimen involving three or more daily injections.
A common approach to the problem in the overnight period is to use a three-
injection regimen: lispro and Lente at breakfast, lispro only at dinner, and Lente
at bedtime. For youngsters who go to bed early, we recommend that parents give
the third shot at their bedtime (i.e., 10:00—11:00 p.m.). Lispro can also be added
to the bedtime dose, especially if glucose levels are elevated. For patients with
elevated pre-supper glucose levels, a pre-lunch dose of Regular or a preafternoon-
snack dose of lispro can be added. Such extra doses of insulin can be facilitated
by the use of insulin pens, which are small, light, and easy to use. Only a small
number of our patients are using a regimen of four or more injections of rapid-
acting insulin before meals and intermediate insulin at bedtime.

Over the past few years, there has been a rediscovery of the effectiveness
of insulin pump therapy in the management of young patients with diabetes (11).
Indeed, we are much more likely to turn to this method of insulin replacement
than to more frequent injections in preadolescents who are coming out of their
honeymoon phase of diabetes.
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With insulin pump treatment, small amounts of rapid-acting insulin are in-
fused as a basal rate, and larger bolus doses are given at each meal or snack. Al-
though it is not yet labeled by the FDA for use in pumps, lispro insulin appears to
have advantages over Regular insulin in pump therapy (12). The pumps are battery-
powered and about the size of a beeper. The “‘basal’” rate can be programmed o
change every half hour, but it is unusual to need more than five or six basal rates.
Varying the basal rate can be particularly helpful in regulating overnight blood
glucose levels, since it can be lowered for the early part of the night to prevent
hypoglycemia and increased in the hours before dawn to keep glucose from rising.
However, younger children seem to need a higher basal rate during the night, per-
haps due to earlier nocturnal peaks of growth hormone in this age group. Bolus
doses are given before meals based on glucose level, activity, and food intake. Pump
treatment can be especially useful in infants and toddlers who are picky eaters. In
this setting, part of the usual pre-meal bolus can be given prior to the meal and the
rest at the end of the meal depending on the actual amount of carbohydrate intake.
Indeed, most children and parents are encouraged to use carbohydrate counting (see
below) as a means to adjust pre-meal bolus doses. Pump therapy also enhances
flexibility in children with variable exercise and meal routines.

The pump employs a reservoir (syringe) to hold the insulin and the infusion
set, which consists of tubing with a smal] plastic catheter at the end. The insertion
site can be the abdomen or hip area, except in the young child in whom there
may not be sufficient subcutaneous tissue in the abdomen. Our patients are en-
couraged to change their catheters every other day. Because only a rapid-acting
insulin is used in this pump, the child and parent must understand that the insulin
infusion should not be discontinued for more than 4 hours at a time.

Case Study: A Child with Newly Diagnosed Diabetes

An 11-year-old girl who weighed 40 kg was diagnosed with diabetes in her pedia-
trician’s office based on a fingerstick blood glucose level of greater than 300 mg/
dl and glycosuria but no ketonuria. Since she was not ketotic, she was admitted
directly to the hospital rather than being referred to the emergency department.
The initial total daily dose was 40 units (1unit/kg body weight): 27 units before
breakfast and 13 units before supper. Each of the doses was further divided as
one-third lispro and two-thirds Lente insulin. Thus, the pre-breakfast dose was
9 units lispro and 18 units Lente and the pre-supper dose was 4 units lispro and
9 units Lente. These were just the starting doses, and they were adjusted every
day based on blood glucose levels. After she went home, her mother was con-
tacted daily by telephone at least once a day for about 4 weeks. By 2 weeks,
insulin doses had to be decreased because of low blood glucose readings. By 4
weeks, blood glucose levels were much less labile and the family felt much more
comfortable about making their own insulin dose adjustments.
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NEW INSULIN PREPARATIONS

Intermediate- and long-acting preparations of human insulin suffer from a number
of pharmacological problems, not the least of which is the failure to uniformly
mix these suspensions prior to injection. Human NPH insulin is a particularly
poor choice for basal insulin replacement, since there is a substantial peak in
insulin levels and insulin action 2—6 hours after subcutaneous injection. Even
human Ultralente has a significant peak action 8—12 hours after injection and
the dose-to-dose variability in absorption of all human insulin suspensions is
substantial.

Glargine insulin (Aventis Pharmaceuticals) is an analog of human insulin
with C-terminal elongation of the B-chain by two arginines and replacement of
asparagine in position A2l by glycine. This molecule is soluble in the acidic
solution in which it is packaged but relatively insoluble in the physiological pH
of the extracellular fluid. Consequently, microprecipitates of glargine insulin are
formed following subcutaneous injection, which markedly delays its absorption
into the systemic circulation. Pharamacokinetic and pharmacodynamic studies
have demonstrated that the insulin analog has a very flat and prolonged time-
action profile. Resnlts of a 6-month study of the efficacy and safety of glargine
in adolescents and children with diabetes showed modestly lower fasting bloo
glucose levels and/or reduced risk of hypoglycemia with glargine than with hu—‘
man NPH insulin. Additional studies and more clinical experience need to be‘
accumulated regarding use of this analog in youngsters with type 1 diabetes.‘
Because glargine cannot be mixed with other insulins, it has to be given by sepa-
rate injection, which might affect its acceptability to some youngsters.

Although there have been many failed attempts at finding alternatives to
insulin injections (13), use of aerosolized preparations for inhaled insulin delivery
is currently under active investigation. Preliminary studies in adults have been
promising enough (6) that phase 3 studies are already underway in preadolescents
as well as adolescents with type 1 diabetes. Like pump therapy, inhaled insulin
allows the patients to take pre-meal boluses of insulin with each meal and snack
without having to take extra insulin injections. However, one or more injections
of intermediate- or long-acting insulin are still needed for basal insulin replace-
ment.

ADJUSTING INSULIN DOSES

Insulin replacement in children is a special challenge because insulin require-
ments increase as weight and calorie intake increase and as residual endogenous
secretion declines. Regular self-monitoring of blood glucose (SMBG) allows the
family and clinicians to keep up with the child’s steadily increasing insulin needs.
We request that blood glucose levels be checked at least four times per day (be-
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fore each meal and at bedtime). The most important component of SMBG is the
interpretation of the results. The parent or child must be taught the target value
and the relationship among diet, exercise, and insulin. If the parent and/or child
grasp these concepts, they will make accurate adjustments aimed at achieving
target goals. If they are unable to make accurate adjustments, they should be
given guidelines on when to call the diabetes service for help. Day-to-day adjust-
ments in the doses of rapid-acting insulin can be made based on the pre-meal
blood glucose value, amount of carbohydrate in the meal, and amount of antici-
pated exercise. In addition, patients and parents should be taught to look for
repetitive patterns of hypo- or hyperglycemia, in order to make ongoing changes
in the usual insulin doses. To facilitate identification of trends, families are en-
couraged to maintain either a handwritten or computer-generated record of glu-
cose values in spreadsheet format.

Self-monitoring of blood glucose is subject to a variety of problems—for
example, patients often make up false numbers (14). These issues must be ad-
dressed with the child and family. They must understand the reason for the tests
and that they are used only to make proper adjustments to keep them healthy.
Elevated glucose levels are not an indication that the diabetes is worsening or
that patients have been cheating on their diet. Instead, we emphasize that thel
tests are being done primarily to determine when they have outgrown their current
dose of insulin.

Even when performed correctly, four blood tests daily give only a limited
glimpse of the wide fluctuations in blood glucose that occur during a 24-hour
period in children with diabetes. Consequently, the recent introduction of continu-
ous glucose monitoring systems has the potential to be the most important ad-
vance in assessing diabetes control in the past 20 years. In intensively treated
children and adolescents with type 1 diabetes, preliminary results in a relatively
small number of children suggest that continuous glucose monitoring will provide
a wealth of data regarding postprandial glycemic excursions and asymptomatic
nocturnal hypoglycemia that were unavailable from capillary blood glucose mea-
surements (15). We anticipate that these technological breakthroughs will have
a greal impact on diabetes management over the next few years. Continuous
monitoring of nocturnal glucose levels is likely to be particularly useful in pro-
gramming overnight basal rates in pump-treated patients.

Measurements of glycosyolated hemoglobin (HbA |.) provide the gold stan-
dard by which to judge the adequacy of the insulin regimen. A variety of methods
are available for assaying glycosylated hemoglobin. A simple method that can
be performed in the office in 6 minutes (Bayer DCA 2000) offers the opportunity
to make immediate changes in the insulin regimen, while the patient is being
seen. The goal of treatment is to achieve HbA . levels as close to normal as
possible. Based on DCCT results (2), our general goal of therapy is to try to keep
all patients under 8.0%. HbA . levels are determined at least every 3 months.
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MATCHING INSULIN TO FOOD INTAKE

Diet guidance for children with diabetes is best provided by a nufritionist who
is an integral part of the treatment team and comfortable working with children.
In addition to helping achieve optimal glucose levels and normal growth and
development, nutritional management of diabetes is aimed at reducing the risk for
other diseases such as obesity, high blood cholesterol, and high blood pressure.
Underlying all these is the establishment of sound eating patterns that include
balanced, nutritious foods and consistent timing of food intake (16).

The American Diabetes Association dietary guidelines are used for dietary
counseling. In addition to incorporating sound nutritional principles concerning
fat, fiber, and carbohydrate content, the importance of consistency in meal size
and regularity in the timing of meals is emphasized. The prohibition of simple
sugar in the diet has been de-emphasized, but it should still comprise no more
than 10% of total carbohydrate intake. The success of the nutritional program
may ultimately depend on the degree to which the meal planning is individualized
and tailored to well-established eating patterns in the family. Moreover, flexibility
can be enhanced if blood glucose monitoring results are used to evaluate the
impact of change in dietary intake. As with other aspects of the treatment regi-
men, we preach consistency and teach how to adjust for deviations from the
prescribed diet.

Carbohydrate counting, an increasingly popular way to increase flexibility
in food intake, is commonly used by patients using insulin pumps or multiple
daily injections. The amount of insulin that is needed for each gram or serving
of carbohydrate is used to calculate the amount of Regular or lispro insulin to
be taken depending on the amount of carbohydrate in the meal. With instructions
on how to use nutritional labels on food packages, even children can become
expert at counting carbohydrates. An even simpler method is to vary the dose
of Regular or lispro by one or two units according to whether it is a small, regular,
or large meal. Some foods—pizza, for example—that cause a prolonged increase
in blood glucose levels may require an increase in the amount of intermediate-
acting insulin or a temporary change in overnight basal rates in pump-treated
patients.

EXERCISE

Regular exercise and active participation in organized sports have positive impli-
cations for the psychosocial and physical well-being of our patients. Parents and
patients should be advised that different types of exercise may have different
cffects on blood glucose levels. For example, sports that involve short bursts of
intense exercise may increase rather than decrease blood glucose levels (17). On
the other hand, long-distance running and other prolonged activities are more
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likely to lower blood glucose levels. Parents also need to be warned that a long
bout of exercise during the day may lead to hypoglycemia while the child is
sleeping during the night, which may require a reduction in the dose of intermedi-
ate- or long-acting insulin.

OUTPATIENT CARE

Children and adolescents with type | diabetes should be routinely cared for by
a diabetes center that uses a multidisciplinary team knowledgeable about and
experienced in the management of young patients. Ideally, this team should con-
sist of pediatric diabetologists, diabetes nurse specialists, nutritionists, and social
workers or psychologists.

In newly diagnosed patients, the first few weeks are critically important
in the process of teaching self-management skills to the parent and child. With
this age group, the parent is usually in daily contact with the diabetes clinical
nurse specialist. Glucose levels, adjustment to diabetes, diet, and exercise are
reviewed. The timing of the phone calls should be prearranged and ideally made
to the same clinician. After making the insulin adjustment for the day, the ratio-
nale should be explained to the parent. Usually within 3 weeks the parents are
feeling more confident and many are ready to attempt to make their own adjust-
ments.

Once glucose levels have been stabilized, regular follow-up visits every 2
or 3 months are recommended for most patients (18). The main purpose of these
visits is to ensure that the patient is achieving primary treatment goals. In addition
to serial measurements of height and weight, particular attention should be paid
to monitoring of blood pressure and examinations of the optic fundus, thyroid,
and subcutaneous injection sites. Routine outpatient visits provide an opportunity
to review glucose monitoring, to adjust the treatment regimen, and to assess child
and family adjustment. Follow-up advice and support should be given by the
nutritionist, diabetes nurse specialist, and psychologist or social worker. Use of
the telephone, fax, or email should be encouraged for adjustments in the treatment
regimen between office visits.

HYPOGLYCEMIA

Severe hypoglycemia is a common problem in patients striving for strict glycemic
control with intensive treatment regimens. In the DCCT, the risk of severe hypo-
glycemia was threefold higher in intensively treated patients than in convention-
ally treated patients, and being an adolescent was an independent risk factor for
a severc hypoglycemic event, as mentioned carlier (2). The majority of severe
hypoglycemic events occur overnight due, in part, to sleep-induced defects in
counterregulatory hormone responses to hypoglycemia (10).
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Monitoring glucose is critical in order to detect asymptomatic hypoglyce-
mia, especially in the young child with diabetes. The older child is usually aware
of such symptoms as weakness, shakiness, hunger, or headache, and is encour-
aged to treat these symptoms as soon as they occur. The older child who can
accuratcly recognize symptoms is taught to immediately treat with 15 grams of
carbohydrate (e.g., three or four glucose tablets, 4 ounces of juice, or 15 grams
of a glucose gel) without waiting to check a glucose level. Each episode should
be assessed in order to make proper adjustments if a cause can be identified.
Every family should have a glucagon emergency kit at home in order to treat
severe hypoglycemia.

SICK-DAY RULES

Children with intercurrent illnesses, such as infections or vomiting, should be
closely monitored for elevations in blood glucose levels and ketonuria. On sick
days, blood glucose levels should be checked every 2 hours and the urine should
be checked for ketones with every void. Supplemental doses of short-acting insu-
lin (0.1 to 0.3 units/kg) should be given every 2 to 4 hours for elevations in
glucose and ketones. Because of its more rapid absorption, lispro will lower
plasma glucose faster than Regular insulin. 1f the morning dose has not been
given and the child has a modestly elevated glucose level (150 to 250 mg/dl),
small doses of NPH can be given to avoid too rapid a fall in plasma glucose
levels. This works especially well in young children whose glucose levels fall
quickly with rapid-acting insulin. Adequate fluid intake is essential to prevent
dehydration. Fluids such as flat soda, clear soups, popsicles, and gelatin water
are recommended to provide some electrolyte and carbohydrate replacement. If
vomiting is persistent and ketones remain moderate or high after several supple-
mental insulin doses, arrangements should be made for parenteral hydration and
evaluation in the emergency department.

Children receiving Ultralente insulin seem to be prone to the development
of hypoglycemia and ketonuria during episodes of gastroenteritis. If the child is
unable to retain oral carbohydrate, then small doses of glucagon (i.e., 0.1-0.2
mg), given subcutaneously every 2 to 4 hours, can be used to maintain normal
blood glucose levels,

Parents are told from the time of diagnosis that vomiting is a diabetes emer-
gency and that they need to call for help after first checking blood glucose and
urine ketone levels. This is especially true for children on pump therapy, since
a catheter occlusion can throw the child into ketosis rapidly. If a pump-treated
patient has elevated glucose and ketone levels, they are instructed to take a bolus
injection of lispro insulin by syringe. The dose of insulin varies between 0.2 and
0.4 units per kilogram. They are then instructed to change their infusion set and
to program a temporary basal rate at twice the usual basal rate for 4—5 hours.
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Blood glucose and urine ketone levels are rechecked every hour, and additional
bolus doses can be given as needed. Once vomiting ceases and ketones become
negative, the basal rate is returned to its usual setting. If the patient is not improv-
ing with these measures, then the child should be evaluated by a physician.
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Insulin Therapy In Pregnancy

Lois Jovanovic
Sansum Medical Research Institute, Santa Barbara, California

INTRODUCTION

Before the advent of insulin, few diabetic women lived to childbearing age. Be-
fore 1922, fewer than 100 pregnancies in diabetic women were reported; most
likely these women had type 2 and not type 1 diabetes. Even with this assumption,
these cases of diabetes and pregnancy were associaled with a greater than 90%
infant mortality rate and a 30% maternal mortality rate. As late as 1980, physi-
cians were still counseling diabetic women to avoid pregnancy. This philosophy
was justified because of the poor obstetric history in 30% to 50% of diabetic
women. Infant mortality rates finally improved after 1980, when treatment strate-
gies stressed better control of maternal plasma glucose levels, once self-blood
glucose monitoring and hemoglobin A (HbA ) became available. As the patho-
physiology of pregnancy complicated by diabetes has been elucidated and as
management programs have achieved and maintained near-normal glycenia
throughout pregnancy complicated by type 1 diabetes, perinatal mortality rates
have decreased to levels seen in the general population. This review is intended
to help clinicians understand the increasing insulin requirements of pregnancy
and to design treatment protocols to achieve and maintain normoglycemia
throughout pregnancy.
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140 Jovanovic

GLUCOSE TOXICITY AND THE ROLE
OF POSTPRANDIAL HYPERGLYCEMIA

If a mother has hyperglycemia, the fetus will be exposed to either sustained hyper-
glycemia or intermittent pulses of hyperglycemia. Both situations prematurely
stimulate fetal insulin secretion. Fetal hyperinsulinemia may cause increased fetal
body fat (macrosomia), and therefore a difficult delivery, or inhibition of pulmo-
nary maturation of surfactant, and therefore respiratory distress of the neonate.
The fetus may also have decreased serum potassium levels caused by the elevated
insulin and glucose levels, which may lead to cardiac arrhythmias. Neonatal hy-
poglycemia may cause permanent neurological damage.

There is also a greater prevalence of congenital anomalies and spontaneous
abortions among diabetic women who are in poor glycemic control during the
period of fetal organogenesis, which is nearly complete by 7 weeks postconception.
A woman may not even know she is pregnant at this time, so prepregnancy counsel-
ing and planning are essential in women of childbearing age who have diabetes.
Because organogenesis is complete so early on, if a woman presents to her health-
care team and announces that she has missed her period by only a few days, there
is still a chance to prevent cardiac anomalies by swiftly normalizing the glucose
levels (although the neural tube defects are already ‘‘set in stone” by the time the
first period has been missed). These findings emphasize the importance of glycemic
control at the earliest stages of conception. Ideally, if a diabetic woman plans her
pregnancy, then there is time to create algorithms of care that are individualized
and a woman can be given choices. When a diabetic woman presents in her first
few weeks of pregnancy, there is no time for individualization; rather rigid proto-
cols must be urgently instituted to provide optimal control within 24-48 hours.

After the period of organogenesis, maternal hyperglycemia interferes with
normal growth and development during the second and third trimesters. The ma-
ternal postprandial glucose level has been shown to be the most important vari-
able in the subsequent risk of neonatal macrosomia. The fetus thus is *‘overnour-
ished” by the peak postprandial. This peak response occurs in over 90% of
woman 1 hour after beginning a meal. Therefore, the glucose level at that 1-hour
point needs to be measured and treatment designed to maintain glucose in the
normal range at that point. Studies have shown that when the postprandial glucose
levels are maintained, from the second trimester onward, below 120 mg/dl 1 hour
after beginning a meal, the risk of macrosomia is minimized.

DIABETOGENIC FORCES OF NORMAL PREGNANCY
INCREASE THE INSULIN REQUIREMENTS

Fetal demise associated with pregnancy complicated by type 1 diabetes seems
to arise from glucose extremes. Elevated maternal plasma glucose levels should

Copyright © Marcel Dekker, Inc. All rights reserved.

<
MarceL DexxEr, Inc. EL
270 Madison Avenue. New York. New York 10016 .



Insulin Therapy in Pregnancy 141

always be avoided, because of the association of maternal hyperglycemia with
subsequent congenital malformation and spontaneous abortions. To achieve nor-
moglycemia, a clear understanding of ‘‘normal’’ carbohydrate metabolism in
pregnancy is paramount. Thus, the amount of insulin required to treat type 1
diabetic women throughout pregnancy needs to be sufficient to compensate for
1) increasing caloric needs, 2) increasing adiposity, 3) decreasing level of exer-
cise, and 4) increasing anti-insulin or diabetogenic hormones of pregnancy.

The major diabetogenic hormones of the placenta are human chorionic so-
matomammotropin (hCS), previously referred to as human placental lactogen
(hPL), estrogen, and progesterone. Also, serum maternal cortisol levels (both
bound and free) are increased. In addition, at the elevated levels seen during
gestation, prolactin has a diabetogenic effect.

The strongest insulin antagonist of pregnancy is hCS. This placental hor-
mone appears in increasing concentration beginning at 10 weeks of gestation.
By 20 weeks of gestation, plasma hCS levels are increased 300-fold, and by term,
the turnover rate is about 1000 mg/dl. The mechanism of action whereby hCS
raises plasma glucose levels is unclear, but probably originates from its growth-
hormone-like properties. hCS also promotes free fatty-acid production by stimu-
lating lipolysis, which promotes peripheral resistance to insulin.

Placental progesterone rises |10-fold above non-pregnancy levels and is as-
sociated with an insulin increase in normal healthy pregnant women by two- to
fourfold.

Most of the marked rise of serum cortisol during pregnancy can be attrib-
uted to the increase of cortisol-binding globulin induced by estrogen. However,
free cortisol levels are also increased. This increase potentiates the diurnal fluc-
tuations of cortisol with the highest levels occurring in the early-morning hours.

The rising estrogen levels also trigger the rise in pituitary prolactin early
in pregnancy. Prolactin’s structure is similar to that of growth hormone, and at
concentrations reached by the second trimester (=200 ng/ml) prolactin can affect
glucose metabolism. Although no studies have examined prolactin alone as an
insulin antagonist, there is indirect evidence that suppressing prolactin in gesta-
tional diabetic women with large doses of pyridoxine improves glucose tolerance.

In addition to the increasing anti-insulin hormones of pregnancy, there is
also increased degradation of insulin in pregnancy caused by placental enzymes
comparable to liver insulinases. The placenta also has membrane-associated insu-
lin-degrading activity. Concomitant with the hormonally induced insulin resis-
tance and increased insulin degradation, the rate of disposal of glucose slows.
The normal pancreas can adapt to these factors by increasing the insulin secretory
capacity. 1f the pancreas fails to respond adequately to these alterations, then
gestational diabetes results. In a woman with type 1 diabetes, her insulin require-
ment will rise progressively. Failure to increase her insulin doses appropriately
will result in increasing hyperglycemia.
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RATIONALE FOR THE USE OF HUMAN INSULIN
DURING PREGNANCY

Maternal anti-insulin antibodies may contribute to hyperinsulinemia in utero and
thus potentiate the metabolic aberrancy. Although insulin does not cross the pla-
centa, antibodies to insulin do, and may bind fetal insulin; this necessitates the
increased production of free insulin to re-establish normoglycemia. Thus, the
anti-insulin antibodies may potentiate the effect of maternal hyperglycemia to
produce fetal hyperinsulinemia. Human and highly purified insulins are signifi-
cantly less immunogenic than mixed beef—pork insulins. Human insulin treat-
ment has been reported to achieve improved pregnancy and infant outcome com-
pared with the use of highly purified animal insulins. Recently the insulin analog
lispro (which has the amino acid sequence in the B chain reversed at position
B28, B29) has been reported to be more efficacious than human Regular insulin
in normalizing blood glucose levels in gestational diabetic women. This insulin
Jowered the postprandial glucose levels, thereby decreasing the glycosylated he-
moglobin levels, with fewer hypoglycemic episodes and without increasing the
anti-insulin antibody levels. Although the safety and efficacy of insulin lispro in
the treatment of type 1 and type 2 diabetic women throughout pregnancy have
not yel been reported, there have been scattered case reports of infants born with
congenital malformations. Regardless of the type of insulin used, the risk for
severe malformations in infants of diabetic mothers is greater than that in infants
of nondiabetic mothers: 5.2-16.8% versus 1.2-3.7%. This risk is drastically re-
duced, however, when the mother has excellent blood glucose control and main-
tains an HbA . below 5%. Thus, the clinician needs to explain to the patient tha
there are no clinical trials in which insulin analogs have been proven to be withou

risk, but using the newer insulin analogs may facilitate better glucose control,
and normalization of the glucose is paramount if congenital anomalies are to b

prevented.

INSULIN REQUIREMENTS

Type 1 diabetic women must increase their insulin dosage to compensate for the
diabetogenic forces of normal pregnancy. However, the exact patterns of insulin-
dosage increase are still controversial. Many observers have detected a decline
in insulin requirement in the late first trimester of diabetic pregnancies. Jorgen
Pedersen, the father of the study of diabetes in pregnancy, was among the first
to write about first-trimester hypoglycemia as a symptom of pregnancy and noted
that it had long been common knowledge among physicians. Pedersen wrote,
“‘Those physicians who manage diabetic women should be particularly alert for
hypoglycemia in women who have recently become pregnant. About the 10th
week of gestation there is an improvement in glucose tolerance manifesting itself

Copyright © Marcel Dekker, Inc. All rights reserved.

<
MarceL DexxEr, Inc. EL
270 Madison Avenue. New York. New York 10016 .



Insulin Therapy in Pregnancy 143

as insulin coma, milder insulin reaction or an improvement in the degree of com-
pensation. When a reduction in insulin dosage is called for it amounts to an
average of 34%.” Indeed, he even claimed, “*Once in a while pregnancy may
be diagnosed on account of inexplicable hypoglycemic attacks.”” In all 26 cases
of insulin coma collected, he found that coma occurred in the first to fourth month,
with the majority occurring at months 2 to 3. He also noted that by late gestation,
regardless of the metabolic control and duration of diabetes, average daily insulin
requirements increased twofold from earlier in pregnancy.

Early-first-trimester overinsulinization might explain a later-first-trimester
drop in insulin requirement. One example of this effect may be the significantly
greater weight gain seen in the first trimester by diabetic women compared with
normal healthy women. Perhaps the drive to increase calorie intake to prevent
hypoglycemia in the first trimester may have been the cause of the first-trimester
excessive weight gain in the diabetic women.

On the other hand, others have not seen the first-trimester decrease in insu-
lin requirement. There are also reports of rising insulin requirement in the first
trimester. My colleagues and I have described the declining insulin requirements
during pregnancy of a population of well-controlled type 1 diabetic women, pos-
sibly lending credence to the notion that first-trimester overinsulinization may
be the cause of the hypoglycemia seen by some in the first trimester. Based on
our studies of well-controlled diabetic women, we have created an algorithm for
care and an insulin-requirement protocol based on gestational week and a wom-
an’s current pregnant body weight. The total daily dose of insulin in the first
trimester (weeks 5-12) is 0.7 units/kg per day; in the second trimester (weeks
12-26), the total daily dose is 0.8 unit/kg per day; in the third trimester (weeks
26-36), it is 0.9 units/kg/day; and at term (weeks 36—40) the total daily dose
of insulin is 1.0 units/kg/day (Table 1). The insulin needs to be divided through-
out the day to provide the basal need (the dose of insulin that keeps levels normal
in the fasting state) and the meal-related need.

The basal need—usually 50% of the total daily insulin dose (I)—may be
delivered using a constant-infusion pump (Table 2) or by multiple doses of inter-
mediate-acting insulin (Table 1). When using a constant-infusion pump, the basal
need is calculated as an hourly rate and is delivered such that the calculated rate
('~ I divided by 24) is given between 10 a.m. and midnight. The rate is cut in
half (2 I divided by 24 X (.5) from midnight to 4 a.M., and increased by another
50% (/2 T divided by 24 X 1.5) to counteract the morning rise of cortisol levels
that are potentiated during pregnancy.

When we use multiple insulin injections to provide the basal need, we pre-
fer to use NPH insulin because it has a more predictable absorption pattern than
Lente or Ultralente insulin. Also, the recently developed long-acting insulin ana-
logs (insulin glargine or insulin detemir) have not yet been proven to be safe or
efficacious in pregnancy.
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TasLe 1 Initial Calculation of Insulin Therapy
for Pregnancy

Fraction of total daily insulin dose (I}

NPH Regular/lispro/faspart
{50% of I {580% of I)
Pre-breakfast 1/6 4/20 (0.20)
Pre-lunch — 3/20{0.15)
Pre-dinner 1/6 3/20 {0.15)
Bedtime 1/6 —

I = 0.7 units X present pregnant weight in kilograms for weeks
1-12; 0.8 units X present pregnant weightin kilograms for weeks
12-26; 0.8 units = present pregnant weight in kilograms for
weeks 26-36; 1.0 units X present pregnant weight in kilograms
for weeks 36-40.

Our preferred use of NPH is to give one-sixth of the total daily dose of
insulin as morning, dinner, and bedtime injections (i.e., NPH dose equals 50%
of daily dose divided into three equal injections of NPH given every 8 hours, or
at 8 a.M,, 4 p.m,, and 12 midnight) (Table 1),

The other half of the total daily insulin dose should be a short-acting insulin
(human Regular, insulin lispro, or insulin aspart) given before each meal to con-

TaBLE 2 Basal Insulin-Pump Program Using Hurman Regular, Insulin
Lispro, or Insulin Aspart {basal (B) = ' total daily insulin dose (I}); B/24 =
hourly rate)

Basal requirement

Period (haurly infusion rate) Rationale

12:00-4:00 a.m. 50% less basal Maternal cortisol at nadir
{B/24 x 0.5)

4:00-10:00 a.m. 50% more basal Highest level of maternal
{B/24 x 1.5} cortisol

10:00 a.m.—-12:00 a.m. Basal —
{B/24)

To refine hasal settings, have the patient perform SMBG at the end of each period to
determine whether adjustments are needed. For instance, at the 4:00 a.m. test, blood
glucose should be 60-80 mg/dl. If blood glucose is out of this range, dial up or down
insulin in increments of 0.10 U/hr.
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TaBLE 3 Pre-Meal Sliding-Scale Dose Calculation Using
Rapid-Acting Insulin®

Pre-meal BG

(mg/dl) Compensatory insulin

<60 Meal-related insulin dose minus 3% of the total daily insu-
lin dose

61-90 Meal-related insulin dose, no adjustment necessary

91-120 Meal-related insulin dose plus 3% of the total daily insulin
dose

>121 Meal-related insulin dose plus 6% of the total daily insulin
dose

2 Human Regular insulin, insulin lispro, or insulin aspart.

tro] postprandial glycemia (Table 1). This dose of short-acting insulin can be
given using the insulin infusion pump or by multiple doses of subcutaneously
injected insulin.

The meal-related insulin dose (one-half the total daily insulin requirement)
is divided such that 40% of the meal-related dose is given to cover breakfast and
the remaining 60% covers the lunch and dinner meals (Table 1). The exact divi-
sion of this meal-related insulin dose depends on the size of the woman’s lunch
versus her dinner. Breakfast necessitates the majority of the meal-related dose
because the diurnal variation in cortisol levels is potentiated by pregnancy.

Compensatory doses to adjust for high or low glucose levels are calculated
as 3% of total daily insulin requirement (Table 3). Clinicians should note that
hyperglycemia will occur if a patient uses only insulin lispro or insulin aspart
for the meal-related needs and the woman goes a long time between meals. The
dose of NPH insulin may not be sufficient to prevent an escape of the blood
glucose before the next dose of insulin is given. To prevent this escape of blood
glucose when Jonger than 3 hours elapses between injections of the rapid-acting
insulin analogs of lispro or aspart, the patient should add 3% of her total daily
insulin requirement as Regular human insulin to the lispro injection to extend
the effectiveness of the short-acting component.

DIETARY PRESCRIPTION

The goal of dietary management for the type | diabetic woman is to maintain
normoglycemia. Moreover, in cither the insulin-requiring gestational diabetic
woman or the type 1 diabetic woman, the food and the insulin must match. The
diet shown in Table 4 of frequent small feedings is designed to avoid postprandial
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TaBLE 4 Total Daily Dietary Calculations
for Pregnant Women

% of daily
Fraction carbohydrate
Time Meal (kcal/24 hr) allowed
8:00 A.m. Breakfast 2/18 10
10:30 A.m. Snack 1/18 5
12:00 noon Lunch 5/18 30
3:00 P.m. Snack 2/18 10
5:00 P.m. Dinner 5/18 30
8:00 P.m. Snack 2/18 5
11:00 P.m. Snack 1/18 10

The total daily caloric need is calculated based on current pregnant
weight to be 30 kcal/kg per day for a woman who is 80-120% of
her ideal body weight, 24 kcal/kg per day for a woman 120-150%
of her ideal body weight, 18 kcal/kg per day for a woman 150-200%
of her ideal body weight, and 12 kcal/kg per day for a woman
greater than 200% of her ideal body weight.

hyperglycemia and preprandial starvation ketosis, and to promote an average
weight gain of 12.5 kg in accord with the Committee on Maternal Nutrition,
National Academy of Sciences. In the obese type 1 diabetic woman, fewer calo-
ries per kilogram of total pregnant weight are needed to prevent ketosis yet pro-
vide sufficient nutrition for the fetus and mother (Table 4). Recently it has been
reported that when overfeeding of the pregnant woman completely suppresses
ketone production, there is an increased risk of macrosomia.

Each diabetic woman should have her diet prescribed and the monitoring
protocol explained at the same visit. No matter how educated the pregestational
woman is about managing her diabetes, metabolism is affected so greatly by
pregnancy that reinforcement is necessary. Ideally, education to achieve and
maintain normoglycemia should be before conception or as soon as the diagnosis
of pregnancy has been made. Usually, it requires 5 to 7 days to teach the patient
the requisite goals and skills to normalize her plasma glucose level throughout
gestation through the use of insulin adjustments. The training process is best
achieved in centers specialized for education of diabetes self-care.

BLOOD GLUCOSE MONITORING

Because normal pregnant women have lower fasting glucose levels than non-
pregnant people (fasting 60-90 mg/dl) and postprandial glucose levels should
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not exceed 120 mg/dl (or the risk of macrosomia increases exponentially), insulin
doses should be adjusted upward if more than 2 days of glucose levels are above
preprandial levels of 90 mg/dl or postprandial glucose levels are greater than
120 mg/dl. In order to titrate against the ever-increasing insulin requirements of
pregnancy, the basal dose of insulin should be increased by 0.1 units per hour.
This insulin increase will be heralded by a rise in the preprandial glucose levels.
In addition, the increased insulin requirements are addressed by an increase in
meal-related insulin dose. When the postprandial glucose levels are elevated (in
90% of women this peak is reached 1 hour after beginning a meal), the following
day’s corresponding pre-meal injection should be increased by an additional 3%
of the total daily insulin.

This titration of insulin is based on frequent glucose monitoring and ensures
a smooth increase of insulin as the pregnancy progresses to a higher insulin re-
quirement of up to 1.0 unit/kg/day at term (Table 1). Twin gestations will cause
an approximate doubling of the insulin requirement throughout pregnancy.

The outpatient visits should be frequent enough to provide the needed con-
sultation, guidance, and emotional support to facilitate compliance. Moreover,
tests and therapy should be appropriate for gestational age (Table 5). The health-
care delivery team should put forth an extra effort during pregnancy. Each patient
should have telephone access to the team on a 24-hour basis for questions con-
cerning therapy, and visits should be frequent (e.g., 2 weeks apart).

TaBLE 5 Important Tests for Monitoring Concomitant Diseases
and Glucose During Pregnancies Complicated by Type 1 Diabetes

Test Frequency

Eye examination Prior to conception and then once each
trimester

Kidney function Prior to conception and once each
trimester

Thyroid function Prior to conception and once each
trimester

HbA Prior to conception and once every 2-4
weeks

Self-blood glucose monitoring: Before meals and 1 hour after meals

target capillary whole
blood glucose:
Pre-meal <90 mg/dl
Post-meal <120 mg/dl
Blood pressure and weight Prior to conception and at each visit
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GLYCOSYLATED HEMOGLOBIN DETERMINATIONS

Glycosylated hemoglobin levels are not sensitive enough to detect minor eleva-
tions of glucose and cannot be used as a screening tool for gestational diabetes;
however, the glycosylated hemoglobin levels can be used as a monitor of *‘con-
trol.”” Serial determinations (once every 2 weeks) can reinforce the patient’s rec-
ords and are useful when the patient sees her own trends compared with her
starting glycosylated hemoglobin level. Treatment decisions should be based
solely on the self-monitored glucose levels, with double-checking of this value
with a laboratory standard.

The best way to use glycosylated hemoglobin in pregnancy is to create
‘‘pregnancy norms.”’ Because the mean plasma glucose level is about 20% lower
in pregnancy, the glycosylated hemoglobin levels in normal pregnancy are about
20% lower than nonpregnant levels. When a glycosylated hemoglobin level is
markedly elevated above the mean for a nondiabetic pregnant woman in the first
8 weeks of pregnancy, then the risk of a congenital anomaly in the infant rises
fourfold above the risk in the general population. Achieving a glycosylated hemo-
globin level in the normal range of nondiabetic pregnant women decreases the
rates of retinopathy progression, spontaneous abortion, and birth defects to near
those in the general population.

INSULIN AND GLUCOSE TREATMENT DURING LABOR

With improvement in antenatal care, intrapartum events play an increasingly cru-
cial role in the outcome of pregnancy. The intravenous glucose and insulin may
be used to maintain normoglycemia during labor and delivery, but normogly-
cemia can be maintained easily by subcutaneous injections. Before active labor,
insulin is required, and glucose infusion is not necessary to maintain a blood
glucose level of 70 to 90 mg/dl. With the onset of active labor, insulin require-
ments decrease to zero and glucose requirements are relatively consistent at 2.5
mg/kg/min. From these data, a protocol for supplying the glucose needs of labor
has been developed.

The goal is to maintain maternal plasma glucose between 70 and 90 mg/dl.
In cases of the onset of active spontaneous labor, insulin is withheld and an
intravenous dextrose infusion is begun at a rate of 2.55 mg/kg/min. If labor is
latent, normal saline is usually sufficient to maintain normoglycemia until active
labor begins, at which time dextrose is infused at 2.55 mg/kg/min. Blood glucose
is then monitored hourly, and if it is below 60 mg/dl, the infusion rate is doubled
for the subsequent hour, If the blood glucose rises to more than 120 mg/dl, 2 to
4 units of Regular insulin is given intravenously each hour until the blood glucose
level is 70 to 90 mg/dl. In the case of an elective cesarean section, the bedtime
dose of NPH insulin is repeated at 8 A.M. on the day of surgery and every 8 hours
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if the surgery is delayed. A dextrose infusion may be started if the plasma glucose
level falls below 60 mg/dl, and 2 to 4 units of Regular insulin given intravenously
every hour if the blood glucose rises to above 120 mg/dl.

POSTPARTUM

Maternal insulin requirements usually drop precipitously postpartum, and these
requirements may be decreased for 48 to 96 hours postpartum. Insulin require-
ments should be recalculated at 0.6 unit/kg based on the postpartum weight and
should be started when the 1-hour postprandial plasma glucose value is above
150 mg/dl or the fasting glucose level is greater than 100 mg/dl. The postpartum
caloric requirements are 25 kcal/kg/day, based on postpartum weight. For women
who wish to breastfeed, the calculation is 27 kcal/kg/day and insulin require-
ments are 0.6 unit/kg/day. The insulin requirement during the night drops dramat-
ically during lactation, owing to the glucose siphoning into the breast milk. Thus,
the majority of the insulin requirement is needed during the daytime to cover the
increased caloric needs of breastfeeding. Normoglycemia should especially be
prescribed for nursing diabetic women, because hyperglycemia elevates milk glu-
cose levels.

NEONATAL CARE

If blood glucose concentration is normalized throughout pregnancy in a woman
with diabetes, there is no evidence that excess attention need be paid to her off-
spring. However, if normal blood glucose level has not been documented
throughout pregnancyi, it is wise to monitor the neonate in an intensive-care situa-
tion for at least 24 hours postpartum. Blood glucose level should be monitored
hourly for 6 hours. If the neonate shows no signs of respiratory distress, hypocal-
cemia, or hyperbilirubinemia at 24 hours after delivery, it is safe to discharge to
the normal nursery.

CONCLUSION

With the advent of tools and techniques to maintain normoglycemia before, dur-
ing, and between all pregnancies complicated by diabetes, infants of diabetic
mothers now have the same chances of good health as infants born to nondiabetic
women. Animal and human studies clearly implicate glucose as the teratogen.
These studies and others emphasize the need for preconceptional programs, and
the need for support systems to facilitate the maintenance of normoglycemia
throughout pregnancy. The morbidity and subsequent development of the infant
of the diabetic mother are associated with hyperglycemia. Therefore, the goal of
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insulin therapy is to achieve and maintain normoglycemia before, during, and
after all pregnancies complicated by diabetes.
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Insulin Management of Hospitalized
Diabetic Patients

Muriel H. Nathan and Jack L. Leahy
University of Vermont College of Medicine, Burlington, Vermont

INTRODUCTION

Adults with diabetes mellitus are admitted to the hospital more frequently than
nondiabetics, often for prolonged periods. Particularly common are admissions
for hyperglycemic emergencies, local or systemic infections, unstable angina or
myocardial infarction, stroke, and orthopedic injuries. One would hope that hospi-
talization would be a time to reinforce the principles of optimal diabetes care.
Instead, glycemic control in the inpatient setting, especially in insulin-treated
patients, is often unsuccessful. There are many reasons for this, some relating to
glycemic effects of the underlying illness or the pharmaceuticals used to treat it;
dietary changes are also a factor. More troubling is that hospital staffs are often
poorly trained in insulin usage— ‘*sliding-scale’” regimens are still standard med-
ical practice despite the fact that they rarely allow stable glycemia even under
ideal medical conditions (1). Further, there remains no consensus as to what con-
stitutes optimal glycemic care for the inpatient. The past few years have seen
the publication of many important studies proving the importance of rigorous
outpatient glycemic control for the prevention of microvascular complications.
In contrast, there is very little literature supporting benefits of aggressive gly-
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cemic control for inpatients in terms of lowered morbidity, mortality, or shorter
hospitalization time. Rather, many practitioners consider prevention of hypogly-
cemia the dominant goal for inpatients, and aim to not let the blood glucose fall
below 200 mg/dl. Thus, the average practitioner is unclear about the importance,
or method, for blood glucose management in the hospital.

Not surprisingly, diabetes specialists have a different philosophy. They un-
derstand the difficulty of diabetes management for inpatients, but also advocate
making every effort possible to optimize glucose control. Of concern are detri-
mental effects of hyperglycemia and insulin deficiency on mental alertness, vol-
ume status, wound healing, risk of infection, and nutritional status. Also, literature
is beginning to appear showing benefits of aggressive diabeles control after myo-
cardial infarction (2,3) and coronary bypass (4), with similar benefits assumed
following stroke and in infected patients (5). [Recent information has shown in-
tensive insulin therapy lowers morbidity and mortality in patients on mechanical
ventilation in a surgical intensive care unit (5a).] The recommended approach is
to establish a multidisciplinary team of experts in inpatient diabetes manage-
ment—physicians, dietitians, nurse educators, and pharmacists—to care for com-
plex patients. Several recent reviews explain how to provide optimal nutritional
and metabolic care for insulin-taking inpatients (5-10).

GENERAL PRINCIPLES
Identify Patients with Diabetes

One complicating factor is that many patients are not known to have diabetes at
admission. It is estimated that 50% of those with type 2 diabetes in the United
States are undiagnosed. Also, as many as one-third of persons with hyperglyce-
mia on admission have recent-onset diabetes from the acute illness or its therapy,
such as steroids (11). Further confusing the issue, the diagnostic criteria for diabe-
tes are based on blood glucose values in healthy ambulatory patients, and many
physicians tend to discount newly recognized hyperglycemia in ill patients. Sev-
eral years ago, a study of patients admitted with a myocardial infarction suggested
that random glucose values of greater than 180 mg/dl predicted undiagnosed
diabetes (12). A recent study used 200 mg/dl (10). Hyperglycemia should be
looked for in every patient admitted to the hospital whether or not there is a
known diagnosis of diabetes. Finding hyperglycemia should lead 10 appropriate
inpatient therapy as well as evaluation afier the acute illness of the patient’s
glycemic status.

Type of Diabetes

It is useful to classify patients in terms of their type of diabetes. This is of greatest
importance in the outpatient setting to ensure that insulin-deficient types of diabe-
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tes—type 1, pancreas damage, latent autoimmune diabetes in adults (LADA)—
are identified and appropriately treated. Laboratory assessments of diabetes im-
mune markers, such as glutamic acid decarboxylase (GAD) antibody or insulin
secretion by c-peptide, may be needed, as it is now recognized that 10-15% of
patients who are thought to have type 2 diabetes show presence of an autoimmune
etiology (13). They are thinner on average than patients with type 2 diabetes, but
phenotypic assessment alone is not able to discriminate type 2 diabetes from
slow-onset type 1 diabetes in many of these patients.

Type of diabetes is less of an issue for the inpatient setting, since usage
of oral hypoglycemics is generally discouraged for acutely ill patients. However,
one benefit of knowing which patients have insulin deficiency is that it can be
made sure that they receive 24-hour insulin coverage. Sliding-scale insulin orders
are typically written to provide coverage for blood glucose values that are mea-
sured only during waking hours. Failing to give insulin during the night to insulin-
deficient patients is guaranteed to cause nighttime and morning hyperglycemia,
and may result in ketoacidosis. As described above, the pathogenesis of the diabe-
tes is not always apparent from body phenotype or whether the patient was taking
insulin on admission. Thus, a uscful principle in the hospital is to provide 24-
hour coverage for all patients receiving insulin.

Nutritional Status and Required Caloric Support
for the Patient

It is not possible to determine insulin coverage, in terms of either timing or dos-
age, without knowing your patient’s schedule of nutrition. Caloric requirements
for outpatients are typically 25-30 kcal/kg body weight. With illness or after
surgery, caloric needs are usually higher; a useful rule of thumb is to add 25%
to the above estimale if the illness is moderate and 50-100% if it is severe (9).
Patients given only i.v. dextrose solutions (5%) receive far fewer calories than
their estimated basal needs; an i.v. rate of 200 ml per hour provides less than
1000 kcal per day. Intravenous fluids are generally well tolerated for up to 72
hours, but after that patients who are unable to eat should receive enteral or
parenteral nutrition. Because all these methods entail relatively constant 24-hour
nutrient delivery, continuous insulin coverage is given using one of many proto-
cols—i.v. infusion, 70/30 insulin every 8 hours, glargine at bedtime, Ultralente
insulin every 12 hours, or Regular insulin every 4-6 hours—to attain a glucose
level of 120-200 mg/dl. Our experience favors the first two methods of insulin
coverage as providing the most stable around-the-clock glycemia, and in particu-
lar have found *‘q 8 hour 70/30 insulin’’ easy and effective in patients receiving
1.v. glucose or continuous tube feeds who are otherwise medically stable.
Inpatients who are able to eat are ordered an ADA diet that usually provides
three meals composed of 55% carbohydrates, 20% protein, and less than 30%

270 Madison Avenue. New York. New York 10016

Copyright © Marce] Dekker, Lnc. All rights reserved.

MarceL DexxEr, Inc.

=



156 Nathan and Leahy

fat, along with a bedtime snack. Insulin coverage follows the outpatient method
of combining short-acting and long-acting insulins to provide the basal and meal-
time needs of the patient. Guidelines for glycemia in the hospital are generally
looser (120-200 mg/dl) than for outpatients to avoid hypoglycemia. A particu-
larly difficult situation is when a procedure or diagnostic test causes a meal to
be delayed or missed in insulin-treated patients. The patient’s caregivers need to
be aware of the next day’s schedule so that appropriate changes in insulin cover-
age can be planned. Also, it is important to emphasize to the nursing staff that
the patient’s mealtime insulin dosage should be based on the time of the meal
(30 minutes prior for Regular, and when beginning eating for lispro or aspart).
If there are unexpected changes in the time of eating, the staff should hold the
short-acting insulin until the appropriate time.

Inpatient Blood Glucose Monitoring

A routine part of outpatient diabetes care is self-monitoring of blood glucose to
allow insulin dosage adjustments based on periodic reviews of the fingerstick
data (*‘pattern analysis’’). Inpatient units also collect bedside fingerstick data.
Unfortunately, rather than being used to more precisely define insulin coverage
for a patient, sliding-scale protocols generally entail one-time adjustments. 1t is
thus common to find inpatients with blood glucose patterns over many days that
show consistent periodic or persistently high blood glucose values who have had
no adjustment in insulin orders. Contributing to this, many hospitals record the
fingerstick data in a form that is hard to interpret, both in day-long sequence and
over many days. A useful principle is o keep at the bedside a chart that shows
at least a week of glucose values and insulin doses in an easy-to-interpret, time-
based pattern.

Most of the currently available glucose meters report ‘‘whole blood’” val-
ues, which are 10—15% lower than laboratory determinations of plasma glucose.
This difference must be kept in mind when setting and monitoring glycemic
goals. Also, accuracy of the results requires that the operator use correct technique
and the meter be working properly. When bedside glucose readings are unexpect-
edly high or low, particularly if the patient is asymptomaltic, it is prudent to
confirm the finding with a laboratory measurement. Also, periodically testing the
proficiency of those who do bedside testing and daily checking of glucose meters
is mandatory.

For inpatients with known or recently identified diabetes, glucose monitor-
ing should be performed at meals and bedtime. Also, it is useful to obtain a 2—
3 A.M. value to monitor for nocturnal hypoglycemia, particularly if the patient is
sedated or has a history of hypoglycemic unawareness. For patients who are not
eating, optimal timing of bedside glucose monitoring is less well defined, but
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frequent measurements are important, especially if changes in medical condition
are occurring that might affect glycemia.

Glycemic Goals

Many outpatient studies show the importance of near-normoglycemia to prevent
complications (refer to Chapter 1), but these studies are lacking for the inpatient
setting. Poorly controlled hyperglycemia in inpatients can lead to dehydration,
deterioration of mental status, electrolyte imbalances, delayed wound healing,
and impaired immunological responses. Glucose concentrations above 200 mg/dl
have been shown in numerous studies to decrease white-blood-cell chemotaxis,
phagocytosis, and bacterial killing, and it has been inferred that a patient’s ability
to fight off and cure infection is similarly affected, although this has been harder
to prove. Golden et al. (4) did a chart review of 411 patients who underwent
coronary bypass (CABG) to evaluate the relationship of perioperative glucose
control to the subsequent risk of infectious complications. Patients were divided
into quartiles based on mean postoperative blood glucose values (insulin was
given as a sliding scale, and glucose measured four times a day from 7 a.M. to
9 p.M.), with quartiles 2—4 (207-352 mg/dl) compared with quartile 1 (121-206
mg/dl). Hyperglycemia was found to be an independent predictor for short-term
risk of infection independent of age, presence or absence of proteinuria, and
comorbidities.

Also of great interest is the highly publicized observation that intensive
insulin treatment following an acute myocardial infarction improves long-term
survival in diabetics. Best known is the Diabetes Mellitus Insulin Glucose Infu-
sion in Acute Myocardial Infarction (DIGAMI) study, which looked at patients
with acute M1 who had known diabetes or a blood glucose value on admission
of greater than 200 mg/dl (2,3). Patients were randomized (about 300 in each
group) to either a glucose-insulin infusion (see Appendix) for at least 24 hours
followed by an intensive subcutaneous insulin program (four injections per day)
for at least 3 months or standard practice. All patients received thrombolytic
therapy followed by beta-blockade and aspirin. Admission glucose values in both
groups averaged slightly more than 270 mg/dl. Glucose values in the control
group averaged 210 mg/dl the day after admission and 160 mg/dl at discharge
versus 173 mg/dl and 148 mg/dl, respectively, in the intensive-therapy group.
One-year mortality was 30% lower in the intensive-therapy group. A recent meta-
analysis supported an effect of hyperglycemia to increase in-hospital mortality
following acute myocardial infarction in persons with and without known diabe-
tes (14).

What are appropriate goals for glycemia in the hospital? Hirsch et al. (6)
proposed pre-meal glucose values of 120-200 mg/dl to minimize the risk of
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hypoglycemia while preventing glucosuria and osmotic diuresis. These values
are reasonable in patients with changing medical, surgical, or nutrition conditions.
However, in stable patients, values within the upper half of this range can often
be avoided. Also, certain kinds of patients, such as those who are infected or
pregnant or have had a cardiovascular event or surgery, should receive intensive
diabetes management using 1.v. insulin and 1- to 2-hourly bedside blood glucose
values to achieve as near-normal glycemia as is safely possible.

WHY NOT SLIDING SCALES?

Hospitalized patients often have insulin orders written by *‘sliding scale.”” This
regimen is popular because of the many factors that make glycemia unpredictable
in inpatients, which make some practitioners uncomfortable about attempting to
foresee their patients’ insulin needs. Using a scale that provides insulin in re-
sponse to blood glucose value seems more sensible. Unfortunately, many aspects
of sliding-scale coverage cause it to work poorly in many patients: the same
dosing scale is often used for patients with very different weight, illnesses, and
nutrition and renal status; the dosing scale is rarely changed during the hospital-
ization regardless of the blood glucose values; insulin administration may be
based on when the nurse measures a blood glucose value as opposed to when
the patient eats; and blood glucose measurements, and thus insulin coverage, may
be missed when the patient is off the floor getting a test or is otherwise not
available, which causes patients with type | diabetes to go without insulin cover-
age for many hours, promoting hyperglycemia and catabolism. Another potential
problem is the insulin’s ‘“‘running out’’ if the scale is written not to cover normal
blood glucose values, causing glycemia to ‘‘see-saw.”” Thus, sliding scales often
promote problems with glycemic control in the hospital.

Historical Perspective on the Use of Sliding Scales

In 1970, MacMillan wrote a paper, ‘‘The Fallacy of Insulin Adjustment by Slid-
ing Scale’’ (15), that criticized this method of insulin coverage because it ignored
the amount and effect of corresponding doses on previous days and did not con-
sider the anticipated needs over the next 6—8-hour period when the insulin would
have its effects. His studies, conducted in children, were based on insulin cover-
age for degree of glycosuria. He observed a frequent pattern of giving too much,
alternating with too little, insulin—excessive doses of insulin were given for 4+
glucosuria, and the next dose of insulin would be omitted because of aglycosuria.
This omission of insulin would ‘‘almost invariably’’ result in recurrence of strong
glucosuria, leading to ‘‘repetition of the cycle’” (what many now call the “‘roller-
coaster’” or ‘‘see-saw’’ effect). In 1991, he again wrote that ‘‘the sliding scale
method of insulin adjustment is seldom effective in establishing diabetic control
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because there is no anticipation of upcoming insulin needs and dosage changes
are after-the-fact reactions to existing blood sugar levels*® (16). Further, he stated
that control is impossible to establish with this regimen since no insulin is ordered
if the patient is normoglycemic, which leads to marked hyperglycemia by the
next scheduled testing. Also, nocturnal hypoglycemia may occur because the dose
of insulin is determined by the level of hyperglycemia irrespective of whether it
is before a meal, at bedtime, or during the night.

MacMillan’s comments were made before routine bedside blood glucose
testing, and it might be questioned whether today’s therapy is more effective.
Hanish (17) described two protocols from her hospital for sliding-scale regimens
based on blood glucose testing. One gives 2 U of Regular insulin for a fingerstick
of 151-200 mg/dl and then increases 2 U for every additional 50 mg/dl, up to
450 mg/dl. The physician is called if the glucose is under 80 mg/dl or over 450
mg/dl. The second uses a starting dose of 4 U of Regular insulin but is otherwise
the same. This two-page report is surprisingly well known and quoted by house
officers. However, it shows that her hospital developed these scales ‘‘to decrease
the possibility of transcription errors and to save physicians’, nurses’, and phar-
macists’ time.”” Nowhere is there any comment about how successful they were
in controlling glycemia.

The effectiveness and safety of sliding scales were investigated by Queale
et al. in 171 diabetic patients consecutively admitted for diabetes-unrelated rea-
sons to cardiology or general medicine services in a large city hospital (1). Hypo-
glycemia was defined as =60 mg/dl, and hyperglycemia =300 mg/dl. Patients
were followed for at least 4 days, and had to have at least four bedside fingerstick
measurements daily. No uniform insulin scale was used in the study; coverage
could start at 150 mg/dl (in 35%) or 200 mg/dl (in 52%), and typically increased
2 U for every 50 mg/dl. Hypoglycemia occurred in 23% of the patients (3.4/100
measurements) and hyperglycemia in 40% (9.8/100 measurements). Most telling,
hyperglycemia was grealest (threefold increased risk) in the patients who received
sliding-scale coverage without concomitant intermediate-acting insulin. The au-
thors concluded that a sliding-scale regimen when used alone increased the risk
of hyperglycemia, and when used in conjunction with a standing regimen pro-
vided no benefit over the standing regimen alone.

To summarize, the major (and perhaps only) advantage of a sliding-scale
insulin regimen is that it is easy. More debatable are its effectiveness and safety.
Sliding scales make sense when used in conjunction with a standard insulin regi-
men to compensate for inaccuracies in the basic insulin doses. Each day’s supple-
ment is used to adjust the next day’s insulin dosage up or down if it is assumed
there is an ongoing need for the change. Thus, the basic insulin program is *‘fine-
tuned’” until glycemia is as stable and close to the target range as can be achieved
in the hospital. In contrast, sliding-scale therapy used on its own tends to oversim-
plify inpatient insulin usage. The worst form is the one-size-fits-all scale widely
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practiced by house officers, as it provides a false impression that the diabetes
is being managed when, in reality, cffectively no decisions about the diabetes
management are made. Often, even the patient’s caregivers do not know the blood
glucose levels—the “‘don’t ask, don’t tell’” approach to medical care.

INSULIN ALGORITHMS: THE PREFERRED METHOD

The preferred approach is to provide insulin coverage based on the nutritional
and medical characteristics of each patient. Algorithms are programs of insulin
administration that are based on the nutrition pattern of the patient, and incorpo-
rate supplemental insulin dosing to attain a target range level of glycemia. Lilley
and Levine (7) stated in their review of inpatient therapy for type 2 diabetes that
*“The algorithm takes into account the individual patient’s insulin needs, caloric
load and physical activity level, as well as the timing of insulin administration
relative to caloric intake. Whereas the traditional sliding-scale insulin regimen
15 directed at lowering existing excessive blood glucose levels, supplements are
given nol only o correct hyperglycemia but also to contro) the anticipated effects
of caloric intake and other factors that play a role in glycemia.”

The first comprehensive paper on insulin algorithms for inpatients was pub-
lished by Hirsch et al. (6) with the comment that * ‘many of our recommendations
are based on common sense or are extrapolations from other situations because
the data examining nonsurgical inpatient diabetes therapy are limited.”” Multiple
guidelings were sugpested—for patients with type 1 or 2 diabetes, ealing, or
NPO. An i.v. insulin infusion was recommended for all patients who were not
cating. Those eating standard meals were given twice-daily NPH and Regular
insulin (0.5-1.0 U/kg) in the usual pattern of two-thirds of the total dose before
breakfast as two-thirds NPH and one-third Regular, and the remainder before
supper as half NPH and half Regular. There was also an algorithm for supplemen-
ta] Regular insulin {0.075 U/kg for pre-meal glucose =200 mg/dl, (.1 U/kg for
pre-meal glucose >300 mg/dl). Lilley and Levine followed the suggestions of
Hirsch, but recommended lispro over Regular insulin (7). These papers are mostly
discussions of the principles of what to do, as opposed to giving formulas for
inpatient insulin dosing that are proven to work, This is because correctly admin-
istering subcutaneous insulin to a hospitalized diabetic patient requires daily ad-
justing of the insulin program and dosing to get it right, as opposed to one-size-
fits-all reconunendations that rarely work.

In contrast, many studies of algorithms for i.v. insulin infusions have shown
an ability to attain very good glycemic control. One example is by Watis et al.
in postoperatve patients (18). Their insulin infusion began at 1.5 U per hour,
and was adjusted every 2 hours based on specific blood glucose cutoffs: <80
mg/dl, decrease by 0.5 U per hour and give 25 ml 50% dextrose; 80-119 mg/
dl, decrease by 0.5 U per hour; 12(0-180 mg/dl, no change; 181-240 mg/dl,
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increase by 0.5 U per hour; >240 mg/dl, increase by 0.5 U per hour and give
8 U i.v. Regular insulin. The patients given the insulin infusion reached the target
glycemia level within 8 hours, and 12—24 hours after surgery had a mean glucose
of 136 mg/dl (range 120-180), whereas those on subcutaneous insulin had a
mean of 208 mg/dl (range 30-306). Also striking was an absence of hypoglyce-
mia in the i.v. insulin group.

In summary, successful inpatient diabetes management requires designing
an insulin program based on the special needs of that patient, followed by blood
glucose monitoring and daily adjustments of the insulin doses, all in an attempt
(o attain glycemia that maximizes the well-being, nutritional status, and medical
outcome of the patient while minimizing his or her risk of hypoglycemia.

INPATIENT INSULIN PROGRAMS
Subcutaneous Insulin for the Patient Who Is Eating

The recommended approach in type 1 and insulin-requiring type 2 diabetes pa-
tients who are eating is shown in Table |. For those with type 2 diabetes who
were taking oral agents on admission, as a general principle it is safest to discon-
tinue oral hypoglycemics and substitute insulin in patients undergoing surgery
or with major illness of any kind. The recommended program is 0.5 U/kg glargine

TaBLE 1 Subcutaneous Insulin Program for Inpatients Who Are Eating

Calculate starting insulin doses.

Glargine 0.5 U/kg at bedtime (0.3 U/kg for conditions with concern over
risk of hypoglycemia; 0.7 U/kg for those with type 2 diabetes, obesity,
infections, or open wounds, or those receiving steroids or post-CABG).

Humalog 0.1 U/kg each meal (adjust downward or give after meal for in-
consistent eating habits)

Bedside glucose measurements at mealtimes and bedtime—supplemental
lispro.

200-299 mg/dl—give extra 0.075 U/kg lispro

>300 mg dl—give extra 0.1 U/kg lispro

Adjust glargine doses to attain fasting blood glucose 120-200 mg/dl.
Once attained, adjust lispro to achieve pre-meal and bedtime blood
glucose 120-200 mg/dl.

The suggested starting doses are for an “average’ patient, and variation is common
based on the unique medical circumstances of each patient.

Suggested starting program if NPH or Ulltralente is used instead of glargine: 0.25 U/
kg NPH or Ultralente at breakfast and bedtime (0.15 U/kg twice daily for conditions
with concern about hypoglycemia, and 0.35 U/kg for conditions with increased basal
insulin needs) and 0.1 U/kg Humalog at meals.
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at bedtime for basal coverage and mealtime lispro (0.1 U/kg at each meal). How-
ever, it must be emphasized that these are ‘‘average’” starting doses. We fre-
quently vary them because of many factors that affect the patient’s insulin needs.
For example, inconsistent eating of the delivered food is a major issue, especially
in the clderly or persons who are slowly advancing their diet following abdominal
surgery or an illness such as pancreatitis. Using lispro as opposed to Regular
allows the nurse to give the insulin toward the end of the meal, after seeing how
much has been eaten; guidelines for meal dosing based on the amount of the
meal or carbohydrate consumed can be very helpful. Also, a variety of illnesses
cause concern for hypoglycemia from the injected insulin because of impaired
glucose production from the liver, defective nutrient influx through the bowel,
or slowed insulin metabolism. Examples are renal dysfunction, poor renal perfu-
sion from cardiac failure or volume depletion, hepatic disease, malabsorption
from bowel or pancreatic disease, and hypothyroidism or adrenal insufficiency.
In those cases, we tend to lower the starting dosage of glargine to 0.3 U/kg.
Alternatively, basal insulin needs are higher than 0.5 U/kg in many patients, in
particular those with type 2 diabetes, obesity, infections, or open wounds, or
those post-CABG or receiving steroids. We prefer not to go much higher than
0.7 U/kg as a starting dose, but advance their doses quickly.

Along with these starting doses, lispro supplements are written using a scale
that starts at 200 mg/dl (Table I) to compensate for substantial hyperglycemia if
the patient’s insulin needs far exceed the calculated starting doses. It is important
to appreciate that the supplemental doses are there as a backup. The goal is to
fine-tune the standard program so that within a day or two target glycemia is
achieved without the need for supplements. This is accomplished by adjusting
the glargine to achieve a fasting glucose value of 120-200 mg/dl, and then the
lispro doses so thal pre-meal and bedtime glucose values are in the same range
(2-hour post-meal values sometimes are needed to adjust the lispro). Then, each
day’s insulin doses are adjusted as needed based on the prior day’s glucose values,
insulin doses and supplements, as well as the next day’s planned nutrition
schedule.

NPH or Ultralente has traditionally been used to provide basal coverage,
and recommended starting doses for NPH or Ultralente are listed in Table 1.
However, neither is an ideal ‘‘basal’’ insulin because of their slow ‘‘on—off”’
effect, which causes peaks and valleys in insulin action that tend to bring about
swings in glycemia. This is worsened by the unforeseen changes in medical con-
dition or meal schedule that frequently occur during a hospitalization. 1t is thus
common to underdose these insulins to avoid hypoglycemia. The ‘‘peakless’
nature of glargine’s action has a significant advantage in this regard. Also advan-
tageous are its more consistent day-to-day absorption compared with Ultralente
and NPH and the fact that it is given at bedtime, which avoids the problem with
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NPH or Ultralente of an occasional missed injection because the patient is away
from the floor for a test or procedure.

Intravenous Insulin Infusions

A continuous i.v. insulin infusion is very useful in acutely ill patients, in the
postoperative period, and in those with generalized edema or dermatological dis-
ease. Also, patients who are not eating, or are getting around-the-clock nutrition
by TPN or tube feeds, do very well with an insulin infusion, although methods
that are less intensive in terms of nursing care are more often used. A protocol
recommended by Gebhart (9) (Table 2) is based on the study of Waltts et al. (18)
but uses lowered glucose cutoff values that better match the whole blood method
of most bedside meters. We generally start with 1.5 U per hour, analogous to
Watts and colleagues’ study (18). However, considerably more insulin is needed
in patients who are obese, infected, or on steroids. Insulin requirements are often
particularly high post-CABG in otherwise uncomplicated patients. Under these
circumstances, we start a higher infusion rate of 2-3 U per hour. Although glyce-
mia is easily and safely controlled with this algorithm in most patients, it requires
that bedside glucose monitoring be performed frequently—every 1-2 hours after
starting the infusion until steady-state glycemia within the target range is
achieved, and thereafter no less then every 4 hours in stable patients and every
2 hours in less stable patients. This is because changes in a patient’s medical

TaBLE 2 Algorithm for Continuous Intravenous Insulin Infusion

Start continuous dextrose infusion (D5/W) at 100 ml per hour
Start Regular insulin 125 U in 250 ml 0.9% saline infused by syringe pump
(TU=2ml
Glucose checks every 1-2 hours
Algorithm—begin at 1.5 U per hour (up to 3 U per hour in patients who
are obese, infected, on steroids, post-CABG):
<80 mg/di—Decrease rate by 1 U per hour and give 25 ml 50% dextrose
1.V.
80-110 mg/dl—Decrease rate 1 U per hour
110-160 mg/dl—No change in rate
161-220 mg/dl—Increase rate 0.5 U per hour
>220 mg/dl—give 8 U Regular insulin i.v. push and increase 0.5 U per
hour
Physician to be notified if <80 mg/dl or >220 mg/dl on two consecutive
checks

Source: Adapted from Ref. 9.
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the patient starts eating, with lispro for meal coverage, until it is confirmed the
meals are tolerated.

The Patient Who Is Receiving Enteral Nutrition

For patients receiving continuous tube feeds, an i.v. insulin infusion as described
above can be used, generally with great success. Its advantage is the ability to
stop the insulin should the tube feeds be acutely discontinued because the tube
has become dislodged or for another reason. Most tube feed preparations provide
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Adjust 70/30 insulin doses to attain blood glucose 120-200 mg/dl

Continue blood glucose manitoring while the patient is receiving tube
feeds, and make daily adjustments in the 70/30 insulin doses as
needed

If the tube feeds are unexpectedly discontinued, glycemia is closely maoni-
tored (every 1-2 hours), and i.v. glucose started if needed (blood glu-
cose <100 mg/dl)

Tube feeds are generally not recornmended in patients with gastroparesis, because
jejunal feeding is usually more successful.
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manage their diabetes medications. This issue was discussed in a recent review of
perioperative management of diabetes (8). Table 4 shows a suggested protocol.
Oral diabetes medications are held the morning of the procedure, and gener-
ally restarted once the patient is tolerating food after the procedure, although
with dye-based studies the patient must wait 48 hours to restart metformin. It is
safest to have a glucose-containing i.v. (D5/W) running during the procedure at
=100 ml per hour. Blood glucose should be measured before and after the proce-
dure, and supplements of Regular insulin (5—-10 U) given for glucose values
above 120 mg/dl. This is done by the hospital or office nursing staff in the periop-
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erative period. If insulin is likely to be needed after the procedure, it is important
to teach the patient or a family member injection technique ahead of time, and
to ensure that they have Regular insulin as well as injection equipment at home.
Prefilled insulin pens are particularly convenient for this purpose.

For patients who take insulin, it is recommended that the procedure or test
be is scheduled for early morning. Generally, the usual dosage of long-acting
insulin is taken the night before, but it can be lowered 10-20% if food intake
at supper is less than normal or patient is using glargine. The morning of the
procedure, the patient takes half of his or her usual morning dose of long-acting

MarceL DexxEr, Inc.
270 Madison Avenue. New York. New York 10016

A
f@ Copyright © Marce] Dekker, Inc. All rights reserved.



daily insulin dose divided by 24. This is when the HbA . of the patient is reason-
ably good (arbitrarily, <8.5%). For example, a patient taking 5—8 units of lispro
at meals and 12 units of NPH at breakfast and 8 units of NPH at bedtime with
HbA . of 7.5% would be started at 0.8 U per hour (half of the total dose of ~40
units divided by 24). In patients with a higher HbA , it is prudent to increase
25% for HbA |, <10%, and 50% for HbA . =10%. In the patient described above
but with an HbA . of 10.2%, the starting infusion rate would be 1.2 U per hour.
Blood glucose values are measured hourly (including during the surgery), and
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glucose goals at the start of the hospitalization that are known by all the patient’s
caregivers—nurses, dieticians and physicians. Also needed is a system for recording
the bedside glucose data in a way that is visible and easy to interpret. Effective
communication between services and floors is essential. This is particularly true when
transferring patients with diabetes to another service or floor; a fail-safe mechanism
must be in place that prevents a prolonged omission of insulin because of failure
by the new caregivers to expeditiously implement the insulin program.

Most institutions have access to inpatient diabetes consultants. They should
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Z Q14ADETES).

Diabetic ketoacidosis (DKA) is characterized by a high blood glucose level,
ketonemia and ketonuria, and metabolic acidosis. The hyperosmolar syndrome
entails hyperglycemia and profound dehydration without significant ketoacid-
osis. The most common term in general use for this syndrome is nonketotic
hyperosmolar coma. However, since few patients actually present in coma
(<10%), most experts prefer to call this entity nonketotic hyperosmolar syn-
drome (NKH).

173
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person-years for NKH while DKA was 14/100,000 person-years (13). Because
DKA and NKH represent a continuum of hyperglycemic decompensation, pa-
tients can present with a mixture of the two; a review of admissions to a large
city hospital found pure NKH in 32% of patients with uncontrolled diabetes, and
mixed hyperosmolarity and ketoacidosis in another 18% (14).

The reported mean age of patients with NKH is 57-69 years. Newly diag-
nosed diabetes is present in 33—-60%. NKH can occur during hospitalization for
other illnesses, and in one study 18% of cases were transferred from skilled nurs-
ing facilities (15). To increase recognition and reporting of this diabetic emer-
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secretion. Consequently, during fasting exactly enough insulin is produced so
that glucose production is enhanced and glucose utilization is lowered to preserve
normoglycemia—i.e., not too little, causing hypoglyceniia, or too much so that
hyperglycemia occurs. Also, the production of ketones is controlled so that “‘star-
vation ketonuria,”’ not ketoacidosis, is observed.

In DKA, the profound insulin deficiency of type | diabetes allows the sys-
tem to spiral out of control. Hyperglycemia occurs, causing an osmotic diuresis
and eventual dehydration, which further raises the levels of the catecholamine
hormones. The results are:
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218 McCall

ever, one study suggests that they may also improve counterregulatory hormone
defenses. Because hypoglycemia may take from | to 6 months (o become clini-
cally manifest given the slow time 10 maximal effect for these drugs, some pa-
tients find the hypoglycemia unexpected. Insulin-dose reductions of 25% or more
may be required. Figure 7 illustrates how the insulin dose-response curve influ-
ences the reoccurrence of hypoglycemia despite dose reductions in such situa-
tions.

SUMMARY

Hypoglycemia is the biggest obstacle to excellent control of diabetes with insulin.
The physiological defects that create most of the risk—hypoglycemia un-
awareness and defective insulin counterregulaon—appear in many patients to
be largely reversible simply by avoiding hypoglycemia. Jdentifying those at in-
creased risk is very important since their goals may be adjusted for safety. Full
treatment of hypoglycemia is crucial for the safety of patients. Modem insulin
therapy is tailored toward avoidance of hypoglycemia. It avoids insulin peaks at
times of known susceptibility to hypoglycemia, such as during sleep, and antici-
pates needs for therapy rather than simply reacting to high and low blood sugars.
Increasingly, insulin-therapy strategies are recommended that mimic physiologi-
cal insulin secretion using a basal-bolus approach. This 1s accomplished partly
through use of insulin preparations that more accurately mimic the way 8 cells
secrete insulin.
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The Art and Science of Insulin-Pump
Therapy

Alan O. Marcus

University of Southern California Medical School, Los Angeles, and
Saddleback Memonal Medical Center, Laguna Hills, California

INTRODUCTION

The appropriate delivery of insulin for achieving euglycemia has been the goal
of diabetes therapies in cases of both absolule and relalive insulin deficiency.
The fact that insulin is the most effective therapeutic choice for lowering blood
sugars to normal or near-normal levels was established almost 80 years ago. All
people with diabetes mellitus need to achieve the well-known goal of glucose
contro], set around the world at an HbA . of 6.5%. The fact that achieving this
target results in prevention, stabilization, and reversal of complications associated
with diabetes is equally well known as a result of multiple landmark interven-
tional studies. These studies all mel the most rigorous of scientific crileria and
have set the standards of glucose control (o be achieved. The causes of failure
to achieve both evglycemia and improvements in the adverse outcomes of pa-
tients with diabeies need to be examined, and these faciors require rectification.

Investigators and clinicians currently view insulin pumps as the “‘gold stan-
dard’’ by which all alternative methods of insulin delivery are gauged. What has
given rise to this opinion that insulin pumps provide the best method of achieving
norma) biood sugars is the publication of multiple studies documenting improved
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control, as measured by reduction in HbA,, levels across all population groups.
ages, genders, and socioeconomic backgrounds, in both research and practice
settings {Figure 1). This lowering of glucose levels, the accepted goal of all, is
tempered only by the associated increasing iatrogenic rate of the most severe of
the acute evenls associated with diabeles: hypoglycemia. In the Diabetes Control
and Complications Trial (DCCT), every 10% reduction of HbA 1¢ was associated
not only with the well-publicized 43% reduced nisk of retinopathy progression
but also with an 18% increased risk of severe hypoglycemia associated with coma
and seizure (1). Hypoglycemua fruly is ‘the “‘rate-limiting step of diabetes,’" as
Phil Cryer stated in 1994, Insulin-pump therapy has demonstrated a reduction
not only in blood sugars but also in the number of hypoglycemic events that
occur at the same time that blood sugars improve (Figures 2 and 3).

It is estimated that greater than 127,000 people in the United States utilized
continuous subcutaneous insulin infusion (CSi)—insulin pumps—to deliver in-
sulin in 2001. Of diabetes health-care professionals who identify themselves as
having type 1 diabetes and who belong to the professional sections of the Ameri-
can Diabetes Association or the American Association of Diabetes Educaiors,
52% and 60%, respectively, use insulin-pump therapy to treat their diabetes. The
number of current pump users is growing every year, and this growth 1s expected
to continue. These numbers of professionals using pumps were and still are in
sharp contrast to the only 6% of the population of the United States identified
as having type 1 diabeles who were on pump therapy at the time of this study,
a figure that is now estimated at 12% (2). The acceptance and validation of this
technology are due to improvements in all parts of the pumps and advances in
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the formulation of insulins. This has happened at the same time as an explosion
in knowledge of patients’ real-time, retrospective, and average glucose levels,
giving impetus 0 improve the glucacentric environment of the patient.
Improvement in the technology of the pump itself is easily recognized by
the reduction in its size from the impractical but seminal idea of a pump the size
of a backpack (proposed by Arnold Kadish of Los Angeles) to the current pumps
that weigh as lile as 3.5 ounces, or less than 100 grams (the MiniMed 508).
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Ficure 3 Hypoglycemia reduction in children. p < 0.01. (Adapted from
Ref. 47.)
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Despite this remarkable evolution, the goal is the same: to deliver insulin in
a physiological way. The concept of the earliest pumps was to deliver insulin
intravenously, but this was modified in subsequent pumps to subcutaneous insulin
delivery, which made access—and therefore usage—rmore feasible, but there
were still significant limitations due to their weight and size (400 g and approxi-
mately 18 X 7 X 6 em). These primitive pumps were big and bulky, limited 10
one infusion rate {insulin rates were adjusted by dilution of insulin), and required
a large expenditure of not only battery power but the energy of the patient and
the clinicians (0 mainain its function. The carliest studies on CSII werc done
with such pumps, and successes were reporeed in achieving near euglycemia in
both adults and adolescents (3.4).

It should be noted that these successes were possible only through the intro-
ducton of technology that allowed for the determination of blood sugars rapidly
and accurately by the patient. Self-monitoring of blood glucose (SMBG) allows
for the evaluation and correction of insulin delivery in terms of basal rate, bolus,
and correction bolus and adjustments to these that result in improved glucose
due to precise and effective insulin usage.

As described carlier, the pumps themselves have become lighter and
smaller and now have the abihty to deliver insulin in varying amounts over van-
ous time blocks of the day. repetitively or according to the type or characteristics
of a given day (e.g., work day, holiday, exercise, wravel, premenstrual, or sick).
The bolus delivery of insulin can be programmed (¢ malch the requirements or
challenge presented by every type of meal (its composition or duration) and 10
accommaodate the individual absorptive and gastrointestinal activity of the patieni.
The bolus can be initiated by remote conuol, alieviating the fear that **button
pushing’® by younger patients will result in inappropriate insulin delivery.

The software that accompanies the actual delivery mechanism of the pump
allows for added safety features and the accumulation of information on pump
performance and patient usage that can be viewed directly or downioaded. This
offers additional possibilities for improvement of outcomes as a result of a height-
ened understanding of what factors resulted in either normal or abnormal glucose
levels. Safety alarms on pumps are now standard and provide the added assurance
that the insulin pump is doing and will continue to do its primary job of delivering
insubin. These features, together with improvements in education and more con-
tinuous glucose monitoring, have resulted in a lower incidence of diabetic ketoac-
idosis (DKA) than with syringe delivery of insulin (5). Additional improvements
in the catheters, also called infusion sets, that nonsurgically connect the pump
reservoir 1o the patient and serve as the conduit for the delivery of insulin to the
subcutancous space have also increased the overall acceptance and viability of
pump usage. Catheters no longer have the compatibility problems with insulin
that in earlier years resulted in catheter binding of insvlin and variable delivery;
the catheters can be painlessly and effectively inseried by devices such as the Sof-
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serter, specifically designed for this purpose. Multiple options available among
cathelers allow for variations jn subculaneous fat, individual palicnt preference,
and appropriateness. The ability since 1995 to disconnect from the pump for
swimming, taking saunas, and other pursuits in which a pump s not desired was
made possible by advances in infusion sets, specifically, by incorporating a quick-
release feature into their design. Needles—bent or straight—as part of the cathe-
ter have been supplemented by catheters of varying dimension and shape to
improve comfort and allow for individual choice of the ideal infusion sel. An
additional advance has been (he development by pharmaceutical companies of
insulin analogs. These insuling are designed to have specific desired performance
characteristics.

The rapid-acting insulins commercially available and in use {lispro and
aspart) possess the ideal characteristics for success with pump therapy. They real-
ize the rapidity of insulin action that was the goal of the original intravenous
pump delivery systems while retaining the advantages of subcutaneous delivery.
Rapidity of action allows for better matching of insulin to meal requirements
temporally as well as mitation of the undesirable “‘tail effect’’ of injected insulin
that results in increased late posiprandial hypoglycemia. These insulins have been
proven to reduce hypoglycemia, improve HbA, levels, and, after 3 months of
CS1l vsage, improve hepatic glucose output in response (o glucagon (6-9). Reduc-
tion in the “‘tail effect’ of these insulins has not been associated with an increase
in the occurrence of DKA. The newer technology of the contlinuous glucose moni-
toring system and its nsage will provide even more information, pinpointing imes
and events requiring more or less insulin delivery (10) to achieve a reduction in
both hyper- and hypoglycemia. Reduction of events, which will resuit in optimal
glycemic control, is dependent oo the individual metabolic characteristics of a
given patient and the pharmacodynamics and route of delivery of the insulin (11).
When one compares the intrapatient variability of different insulins, it is clear
that day-to-day fuctuations in glucose levels are frequently atiributable to the
insulin formuiation uvtilized and the variability in its glucose-lowering effect in
the same person on subsequent days even when all other controllable variables
are equal (12). Regular by injection would differ from Regular by CSII in that
intrapatient variability is lowest for Regular insulin administered by CSII, greater
for glargine and NPH (considered equal in this respect), and still greater for Lente
and Ulwralente, which has the greatest intrapatient variability whether measured
by time of onset, duration of action, or glucose-lowering efficacy (13). The effec-
tive use of insulin is dependent on the reproducibility of its effect.

If we accept the premyse that all patients need to be considered candidates
for intensive therapy and that CSII is the most physiological way to administer
insulin and to practice intensive therapy, we need Lo examune the methads which
result in successful insulin pump usage. Some points apply to all groups, but an
attempt is magde to focus on the individual needs of each patient population and
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guide the clinician in a practical manner to achieve a positive outcome. The most
important guidelines for successful pump use in clinical practice begin with giv-
ing the patient—and those involved with the patient—a clear understanding of
what a pump 18 and is not. The pump is a device that enables more precise control
over the amounts of insulin delivered and therefore how much insulin will be
available at the cell receptor over time. It is not a cure for diaberes. Use of an
insulin pump does not in and of itself constitute intensive therapy, which is de-
fined by the targets and goals set for the levels of glucose. The pump itself does
not demand more time and ¢ffort from the patient or the health-care team; it is
the goal of achieving normal or improved glucose fevels that calls for a commit-
ment of time and effort from all involved. Pumps are a useful tool for insuiin
delivery when the goal is near-normal glycemia or ameliorating hypoglycemic
cvents, in the reatment of hypoglycemic unawarcness. There is no age limit for
pump usage—they have been used in people from 3 days old to over 80 years old.
Pumps do allow for more choices and their success depends on the motivation,
education, and involvement of all involved.

ADULT PATIENTS WITH TYPE 1 DIABETES MELLITUS

The key to success with insulin pump therapy can be found in the words of the
Chinese philosopher Lao Tsu, firse spoken in 500 B.C.:

Tell me—TI'1) forget.
Show me—I may remember.
Involve me—and T will undeystand.

All patients with type | diabetes mellitus have a complete lack of insulin
and therefore require the replacement of both basal (non-food relaed) insulin
and bolus insulin (food-related or necessary for a correction of elevated blood
glucose). Patients with type | diabetes mellitus who are starting on pump therapy
will therefore already be on a regimen intended to deliver insulin for both of
these general requirements. Type | diabetes mellitus patients can generally be
thought o need 40 to 50% of their total daily insulin requirement in the form of
basal insulin. To achieve near-euglycemia, the total daily insulin requirement for
these patients (basal and bolus) under normal conditions, and if they are within
20% of their ideal body weight, is 0.5 t0 1.0 U per kilogram of body weight
per day. If stress factors—biological, psychological, or social—are present, the
requirement for insulin is frequently greater. This increase may be temporary
{e.g., related to events such as menstrual periods or activities such as work and
leisure) or permanent (in response to concurrent iliness, medications, obesity,
and/or insulin resistance). Insulin requurement is also greater in diabetes patients
whose BMI (body mass index) is greater than 27, as was true in 33% of the
intensive and 19% of the standard treatment groups of the DCCT (14). Any deter-
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mination of bolus or basal rates before glucose measurement and assessment of
insulin-delivery requirements is extremely arbitrary; it should serve only as a
place from which to start and then be further refined to match the needs of an
individual person as those needs are discovered by observation and interpretation.
Commonly, patients going on CSII or pump therapy require 20 (0 25% less insu-
lin than they did on injections (15-17).

Targets for glucose levels need to be set {Table 1). The most commonly
used targets are those adopled by the American Diabetes Association and utilized
it the DCCT (18): preprandial blood sugars of 70—140 mg/dl, 2-hour postpran-
dial blood sugars of less than 180 mg/dl (with the clock starting when chewing
begins), bedtime blood sugars of 100-140 mg/dl, and 3 A.M. blood sugars of
greater than 90 mg/d). Additional goals of glucose control recently set by the
AACE consensus conference would seem 10 be appropriate. According to these,
blood sugar levels would be a maximum of 110 mg/dl preprandial and 140 mg/
dl or less 2 hours postprandial {19). These targets ace for patients who are not
pregnant and who do not have hypoglycemic unawareness. Those conditions re-
quire different targets, which are discussed below.

Starting ¢he pump is an outpatient procedure for the vast majority of pa-
tients. A certified pump trainer instructs the patient as to the vanous features and
settings, which need to be in place before using the pump to deliver insulin. A
method adopted successfully by most centers ang offices is as follows. The patient
takes his nighttime insulin the night before beginning (o use the pump, and then
begins pump therapy that morning prior to any meals. The initiation occurs in
the office setting with the patient, others involved with the patient’s care. and
the physician or health-care provider all being present. The patient inserts the
infusion set and is familiarized with such topics as basal rates and targets (Table

TaBLe 1 Target Glucose Ranges (mg/dl;
individually set for each patient)

"Average Joe” adult

Preprandial 70-110

2 hr postprandial <140

Bedtime 100-140

3 AaMm. >80
Hypoglycemic unawsareness

Preprandial 100-160
Pregnant

Preprandial 60-30

1 hr postprandial <130

2 br postprandial <120

Source: Adapied from Refs. 1, 18, 19, 45, 50.
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TaBLe 2 Calculations of Adult Dosage

Basal rate
50% of pump total daily dose
Divide total basal by 24 hours to decide on hourly basal
Start with only one basal rate
See how it goes before adding additional basals

Basal rate adjustment overnight
Check 8G
Bedtime
12 AM.
3 Am.
6 Am.
Adjust overnight basal if readings vary >30 mg/dl

Corraction bolus—rule of 1500°
Insulin sensitivity factor
Determines the estimated BG drop per unit of insulin

Estimating an insulin-to-carbohydrate ratio—rule of 500 (500 divided by
TOD)
Example: 500/50 = 10
= 1 unit of insulin per 10 g carbohydrate

* Source: Ref. 21.

2). Wnitten guidelines are provided on these as well as for the admimistration of
insulin as pre-meal, correction boluses, and basals, with nstructions for adapting
these initial calculations as necessary. Follow-up is usually scheduled for the next
day, once again the following week, and then as often as deemed appropriate.
Initially only one basal rate is set for a 24-hour period. This rate is verified
by the patient’s checking at 2- or 3-hour intervals for a total of 6 hours, without
food or food boluses being taken during this time. If the blood sugar level does
not change by more than 30 mg/dl from beginning o end, the basal rate is con-
firmed as correct. When the glucose level changes in excess of 30 mg/dl, differing
basal rates can be added. The newer and original basal raws are changed to ac-
commodate the varying physiological need for insulin during these time periods
(e.g., tf at 10:00 A.M. blood sugar is 90 and at 12:00, 2 hows later, it is 140, the
basal rate s increased over this period by 0.1 oc 0.2 vnits per hour). Any change
in insulin should be reconfirmed the following day. The ‘‘dawn phenomenon,”
a sudden increase in glucose prior 10 awakening, requires an increase in the
amount of Insulin being pumped or delivered at the time the glucose level is
rising; in such cases, blood sugar readings should be taken at midnight, 3 A.M.,
and 6 A.M. Again, changes in blood sugar by more than 30 mg/d] from the begin-
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ning o the end of any of these periods call for a change in the amount of insulin
infused. The facl that these infusion rates can be changed, and in micro-amounts,
is one of the benefits of pump therapy that are not available to those using syringes
to administer insulin.

The pre-meal 10 post-meal change in blood sugar level should be approxi-
mately SO mg/dl. If the change is greater, an error has been made either in calco-
lating the amount of insulin needed for the meal or in quantification of the meal’s
carbohydrate content. Most patients can determine the amount of insulin they
need 10 take to balance the amount of food they are going to ingest by practicing
carbohydrate counting and assessing how much insulin is necessary to maintain
a normal blood sugar. Use of this technique in the DCCT to determine insulin
requirements for meals resulted in a reduction in HbA, of 0.75 (20). The range
for this number is large and can vary with each individual, the time of day, and
the type of carbohydrate eaten, and with what. Most patients learn by wial and
error or—as it is scientifically called—experimentation and observation. An ap-
proximate amount of insulin necessary to balance the grams of carbohydrate eaten
can be determined initially by calculating the total daily dosage (TDD) of insulin
and dividing the number 500 by that amount. The result is the number of grams
of carbohydrate that one unit of insufin will be able 10 balance (e.g., a total daily
insulin dosage of 50 units divided into 500 means that every 10 grams of carbohy-
drate eaten requires one unit of insulin). This number, as in all calculations for
insulin requirements, is arbitrary, and adjustments are the rule and not the excep-
tion. To make successful adjustments, patients need to frequently monitor glucose
levels and other variables and have the skills and training to make changes on
an ongoing basis. This ‘‘empowerment’’ of the patient is an essential component
for success whatever the method of insulin delivery. For patients who cannot
count carbohydrates, remembenng the amount of insulin necessary for given
foods and amounts is equally adequate and often very successful.

Corrective action is also needed when blood sugars taken other than at
mealttmes are out of the predetermined target range. When the blood sugar is
too high, the action required is called a correction bolus. The amount of insulin
o be taken can be calculated by using the familiar rvle of 1500 (21). This aids
in determining the insulin sensitivity factor or the estimated drop in blood glucose
per unis of insulin, The starting point—the TDD—is divided into 1500 and the
result is how much glucose should empirically be lowered following the adminis-
tration of one unit of insulin (e.g., A TDD of 50 uvnits of insulin divided into
1500 is 30: in this case, one unit of insulin will lower blood sugar by 30 mg/dl.
¥f a patient’s blood sugar is 220 and his target is 130, he needs to take 3 additional
units to reach that level. The results of some studies using rapid-acting insulin
analogs suggest that this rule of 1500 should be corrected to the rule of 1800 or
even 2000. Only individual assessment will determine which of these will bring
about the correct adjustment for an individual patient.
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The infusion site should be checked at least once a day, and pump manufac-
turers recommend thac the infusion site be changed every 48 hours. Because
erythema, pain, or irritation at the insertion site may indicaie a local anatomical
problem that could interfere with insulin delivery, they signal the need for an
carlier change of the catheter. If this local irritation is a recurrent or chronic
problem attributed to the rape, then a different tape can be used. Rarely, the
patient’s skin may be irritated by the catheter itself. in which case the *‘sandwich
technique’’—placing the catheter between two layers of tape, one on the skin
and the other above the catheter to hold it in place—is a suitable remedy. The
catheter or infusion set is always inserted subcutaneously, and 1s inserted vsing
aseptic technique after the skin has been cleansed with a solvent such as j.v.
prep. The locations for insertion are wherever the patient feels comfortable; most
paticnts choose the abdomen, sides, or back, but other tocations are viable. Spe-
cial crcumstances may affect site selection. For exampie, in the last trimester of
pregnancy, the abdomen, because of its enfargement and stretched skin, is
avoided and the upper arms or other locations are chosen.

Tape is vsed to hold the infusion set in place to prevent hyperglycemia
and possibly diabetic ketoacidosis as well as accidental removal. Many tapes are
available for this purpose, and most manufacturers will supply a selection of
tapes for first-ime pumpers to try before deciding on the one best suited for their
needs. Some patients have a problem with skin stickiness, most often due to
perspiration; specially designed (ape such as Skin-Tac or Mastisol liquid adhesive
with Detachol to remove it may be useful.

When blood sugar levels are greater than 250 mg/dl, it must be determined
whether this state represents simple hyperglycemva or hyperglycemia with dia-
betic ketoacidosis before a decision can be made on the appropnate therapeutic
course. The simplest way to make this determination is through the use of Ketos-
tix, which change color in the presence of ketones in the urine. If no ketones are
present, than the patient can take a correction bolus using the insulin pump and
recheck his blood sugar level after 1 hour. If the blood glucose has not decreased,
then the patient, according to the instructions he should have been given, adminis-
ters the correction bolus, via syringe and then attempts to determine why the
pump-administered insulin was ineffective. The problem is found in greatest to
least frequency from ‘‘the skin to the pump."” The most common mechanical
causes involve the catheter (e.g., removal, kinking, parlial obstruction). Less often
the problem is a favlty connection of the catheter to the pump, absence of insulin,
failure of battery supply to the pump, or failure of the pump to deliver insulin
because of pump damage. Nontechnological causes include inflammation at the
insertion site and insulin decay resulting from physical or chemical alteration to
the insulin itself (usually from temperature alterabons or incorrect handling).

Prevention of diabetic ketoacidosis is a primary objective of the treatment
of type | diabetes, whether the patient is on pump or syringe therapy. Special
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vigilance is required with patients vsing CSII, even though studies demonstrate
that with adequale education and involvement of Lhe patient there is no increased
incidence of DKA with pumps. Because pumps use only short-acting forms of
insulin, if delivery is interrupted there is no safety net of intermediate- or long-
lasting insulin to prevent the breakdown of fat and muscle (0 prevent the conver-
sion of these substrates into kewone bodies (22,23). If a patient has nausea or
vomiting or any other symptoms related to DKA, an immediate check of blood
sugars and ketones is warranted. If the patient is unable to drink liquids and
replenish fluids, a physician should be called immediatcly and the patient must
g0 to the hospital for administration of intravenous insulin, replacement of lost
fluids and electrolytes, and treatment of the underlying cause of inadequate jnsu-
Lin, If ketones are positive but the patient is able to take liquids orally, then
aggressive fluid ingestion is begun and insulin is administered on a schedule
determined by the physician and guided by frequent (hourly) self-monitoring of
blood glucose levels and recurrent evaluation of the degree of ketosis present or
its resolution. Until the ketosis clears, additional insulin is best initiated by Sy-
ringe injection with a routine change of infusion site and by troubleshooting the
pump, insulin, and delivery system prior (0 resuming pump therapy. As in all
cases of ketoacidosis, the cause needs to be determined and corrected to avoid
its recurrence.

The other acute event of insulin therapy is hypoglycemia, and its prevention
or limitation is of utmost importance in the prevention of premature monality
(24) ang the achievement of englycemia. in type | diabetes patients, the adequacy
of prevention of hypoglycemia is based on detection, which in turn is dependent
on the frequency and regularity of self-monitoring of blood glucoses. Patients
on insulin should monitor blood sugar levels four to six times daily and be famil-
iar with the actions necessary 1o treat an acute event and prevent future episodes.

When hypoglycemia occurs, the most appropriate treatment is to ingest
known quantities of glucose to effect a predictable rise in serum glucose levels.
The DCCT based the guidelines for treaiment on the knowledge that 1S g of
glucose will raise blood sugars 15 mg/dl in 15 minutes. If the current level is
40 mg/dl and the target is 100 mg/dl. then 60 g of glucose will achieve that.
Patients often overtreat hypoglycemia by taking copious amounts of glucose, for
example, in the form of candies or juices, resulting in an exaggerated rise in
blood sugars (o hyperglycemic ranges.

The occurrence of hypoglycemia is greatest during the overnight or sleep
period, when 60% of hypoglycemic events occur (25). Maintaining bedtime and
3 a.M. glucose levels at at least 100 mg/dl diminishes this event rate. Similarly,
minimum glucose levels of 100 mg/dl are preferable before engaging in activities
such as driving, exercise, drinking, or others that might result in an increased
risk or consequence from hypoglycemija. Blood sugars should be checked at the
beginning of any such activity that can cause wide swings in plasma glucose and
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periodically (every hour or two hours) during the activity, to detect and preven
severe hypoglycemia. The knowledge accumulated from monitoring blood glu-
cose levels and their changes should be used as the basis for changing the basal
dose of insulin delivered during similar activities in the future. These rates modi-
fied for activities, known as lemporary basal rates, may vary in size and duration
according to the level of activity and its time of occurrence. As with all insulin-
administration regimens, these are decided on an individual basis and may need
to be adjusted as the patient and health-care team deern appropnate. Before, dur-
ing, or after any activity that can lower blood glucose, bolus dosages should be
reduced to prevent hypoglycemia and then glucose should be measured to deter-
mine the correct reduction for future boluses at these times.

For patients with hypoglycemic unawareness, targets appropriate for this
condition necd to be set. The occurrence of frequent hypoglycemic events (more
than three per month) is known fo result in a decrease in the catecholamine re-
sponse to hypoglycemia and a decrease in awareness of these events (26).

The frequency of hypoglycemic unawareness is much greater than previ-
ously thought, Only now is it being documented and recognized in studies utiliz-
ing systems that continuously monitor interstitial blood glucoses and accumulate
these data for later interpretabion. Use of this technology prompts adjustment of
basal and bolus rates that consistently address the issue of patient under-bolusing
at meals and over-basaling at other tumes. Appropriate targets for patients with
hypoglycemic unawareness are 130 mg/dl before meais, bed, and driving, and
at 3 A.m. Prevention of hypoglycemia in these patients results in partial correction
of hypoglycemic awareness and is one of the goals of and reasons for initiating
insubn-pump therapy. Generally the family or other care-givers of the patient
with diabetes should be instructed in the recognition of hypoglycemia and the
appropnate administration of glucose and/or glucagon if necessary. Patients
should wear or carry medical identification bracelets or cards indicating that they
have diabetes so hypoglycemia can be recognized and treated. All patients vsing
pump therapy can mjnimize their exposure to bnwanted insvlin by setting the
auto-off safety alarm so that if they don't actively do something with their pump
to tell it that they are alert it wi]l avtomatically stop delivering insulin at a patient-
determined time and prevent hypoglycemia from being prolonged by continued
delivery of insulin. Lastly, no insulin pump is waterproof. Putting the pump in
water has resulted in hypoglycemia in patients who thought otherwise and unex-
pectedly received an overdelivery of insulin,

PEDIATRIC PATIENTS

If the growth in insulin-pump use among adult type 1 diabetes patients has been
extraordinary, it has been explosive among pediatri¢ patients with type 1 diabeies.
In 1997 the number of young people using pump therapy was less than 500, but
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by 1999 that number had grown to more than 5000. The reason for this is the
realization by the general population of pedialric type ) patients and their physi-
cians that insulin-pump therapy offers an alternative with more choices and less
restriction of behavior and activity than with syringes while also achieving an
improved blood sugar environment and an associated lowering of hypoglycemia
event rates (27-32). In the study authored by White et 2l., the rate of severe
hypoglycemia in children age 2—-16 years in one review was approximately 60
per 100 patent-years whether undergoing usual (two injections per day) or inten-
sive-care regimens; CSH lowered this rate to less than 10 both in and outside
the study group. Another study found that the only characteristic predictive of
faillure to achieve metabolic control with pumps is the fear of needles. Children
or adolescents may simply want a pump; have busy, changing schedules; seek
more fiexibility in activities; or have nocturnal hypoglycemia or many wide
swings in their blood sugars with conventional oeatment. 1t is necessary that the
child being considered be either performing or willing to perform three or four
self-monitored blood glucose measurements per day. Obviously either the pa-
tient—or his family, in the case of a very young patient—should be interested
in pump therapy and must be reliable. “‘Reliable” can be defined simply as com-
ing in for follow-up visits.

Starting Dosages for Pediatric Patients

Guidelines for initia) starting dosages in children are different from those for
adules (Table 3). It is vsual (o start with the total daily dose for injection therapy
and divide it into two parts—basal and bolus—rather than reducing the total
dosage by 20% as is done in adults. The basal amount is 50% of the total prepump
dosage and is administered as a single rate for the entire 24-hour period. The
other 50% is given in evenly divided amounts constituting the boluses for cach
meal. Insulin needs vary as aging and growth accur. In prepubertal children, the
highest basa) rate (sometimes as much as twice the normal basal) is usually re-
quired between 9 pv. and 12 a.M. The lowest rate in this age group is often
between 3 aA.M. and 7 A.Mm. As a child enters puberty, the most frequent scenario
is for the highest basal rates to be between 3 a.M. and 9 A.M. and between 9 p.m.
and 12 a.m. (33). As with adults, it 1s simplest and best to begin pump therapy

TaBte 3 Calculations of Starting Pediatric Dosage

TDD based on injection total daily dose for 3 days
averaged per day.

Using average per day dslivery via pump, 50% basal,
50% bolus.

Source: Adapied from Ref. 51.
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with a single basal rate and make changes as indicated by information obtained
from SMBG or continuous glucose moniloring. The basic rule of medicine—
“‘Keep it simple’’—is applicable to determining bolus requirements. Meal re-
quirements are determined by calculating carbohydrate requirements. The two
methods of doing this are (o count cither grams or servings of carbohydrates.
The clinician should devise a meal plan with foods that the child will actvally
be eating, not an idealized, unrealistic diet program. [f neither grams nor servings
of carbohydrates can be quantified, patients and their families can be instructed
to give appropriate boluses for low-, medium-, and hgh-carbohydratc meals or
foods. The easiest method is to start with a preset amount of carbohydrate at
each meal and then determine the amount of insulin required to balance the meal’s
carbohydrate load. The ratio will frequently vary according to the time of day.
If bolus administration is not feasible, an increase in basal rates can minimize
blood glucose elevation after snacks or meals. Both the patient and the family
should have correction doses writien down for them, and, depending on the pa-
tient’s age and type of insulin, it may be necessary to amend the rule of 1500
to match individual needs and insulin sensitivities.

Preventing DKA and Treatment of Hyperglycemia
in Pediatric Patients

Palients and familics should always have available an alternative to pump ther-
apy. This means that pens and/or needles need to be mastered and used when
necessary. If the patient has any symptoms of DKA, including but not limited
to nausea or abdominal pain, the blood sugar should be checked. If it is above
200 mg/d] and ketones are present in the urine or blood, a correction bolus should
be adminjstered by injection and the infusion site should be changed. The pump
should be scrutinized for problems (low battery, no insulin, etc.), and these need
to be corrected. The blood sugar should be rechecked in 1 hour; if it 1s not lower
or if nausea is present, the health-care team needs 10 be contacted immediately.
If the blood sugar is greater that 200 mg/d] but no ketones or symptoms of DKA
are present, the correction bolus can be administered by pump. The blood sugar
should be rechecked in an hour. If it is falling, the pump need not be removed.
If the blood sugar is not coming down, the patient needs to take the correction
bolus by injection and the sile must be changed.

In the moming, the blood sugar should be checked ac least 1 hour prior to
setting off for schoo). This is enough time so that, as recommended by the Yale
Pediatric Pump Program, if the blood sugar is greater than 250 mg/d\ the patient
will be able to change the site before leaving for school. If the blood sugar is
greater than 200 mg/dl while at school, the patient should take a bolus via pump
and recheck the blood sugar an hour later. If the blood sugar is not coming down,
the child should take the appropnate, predetermined correction bolus by pen or

Copyright © Marce! Dekker, [nc. ALl rights reserved.

MarceL Deoa, Inc. m
270 Madison Avemue. New York, New York 10016 0



Insulin-Pump Therapy 237

needle and the site can be changed when the child returns home. One of the most
common causes of hyperglycemia in this age bracket is the omission of food
boluses; this is easily prevented through education.

Hypoglycemia Prevention in Pediatric Patients

The key to prevention of hypoglycemia is frequent measurements of blood sugar,
cnabling detection and correction. Often hypoglycemia in children is not associ-
ated with classic hypoglycemic symptoms, as documented by studies using con-
tinuous glucose measurements (34-36). All these studies highlighted the impor-
tance of obtaining 3 A.M. blood sugar measurements intermittently becavse of
the prolonged asymptomatic occurrences of nocturnal hypoglycemia. If the pa-
tient has hypoglycemic unawareness, then a review and adjustment of the targets
for glycemic control may be needed. Hypoglycemia is frequently due to over-
bolusing. Some pumps come with software that allows for downloading and ex-
amination of the frequency and amount of boluses. This 100l is extremely usefol
in detecting and correcting errors.

GETTING STARTED

Pump therapy should not be made unnecessarily complicated for the patient or
the family. In mosl centers, the patient’s use of CSII begins after the insulin
pump has been delivered, with 2 visit to the home by the pump trainer. The trainer
reviews the features of the pump and techniques for insertion and care of the
site. Later, the trainer provides the physician with a checklist of all the activities
taught, understood, and mastered.

On the moming of the first visit to the office or ¢linic for the purpose of
starting the pump, the patient, family member, or trainer inserts the infusion set.
The decision as to who does the insertion is up to the patient; children should
never pe forced 1o do it themselves. Selection of the site is somewhat age-depen-
dent because of the amount of subcutaneous tissue in various anatomical loca-
tions. Older childsen do well with the microinfusion set in the hip area, but many
children under 6 are very slender and as a result do best with a silhouvetie infusion
set in the buttocks, To minimize discomfort, ‘‘toeing in"" is recommended, as is
the use of products such as xylocaine spray or EMLA.

The patient has taken insulin the evening before the first session and beging
that moming with insulin in the pusop. That initial visit includes education about
the choice of insulin {0 be given as boluses and when blood sugars should be
checked (before meals and at 3 pM., bedlime, 12 A.M., and 3 A.M.). Basic instruc-
tions arc provided on how to suspend the delivery of insulin by the pump, how
to disconnect, and how to avoid problems, and numbers to call for help and
assistance are given. The next day the patient or a family member calls the center
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and reports the blood sugar levels, actions taken, and food eaten; in response to
these, the nurse explains any changes that are needed. Patients are encouraged
to call if they encounter problems or have concerns. On day 3, in another session
at the office or clinic, the patient or caregiver fills the reservoir with insulin,
atlaches the twbing, and demonstrates the ability (o insert the infusion set. Who-
ever is responsible needs to show duning this visit how he or she changes basal
rates and suspends the pump. Adjustments in basal rates, correction doses. and
boluses based on redetermining the carbohydrate sensitivity are made during this
session. The need to disconnect for exercise is emphasized, and, as in all scssions,
questions are encouraged and answered. If the pump has the remote feature, it
)$ taught at either the first visit or this one. For the next 6 weeks, the patient
continues to monitor blood sugars and report levels that are out of range; any
other problems are dealt with over the phone. A routine follow-up visit is sched-
uled at 6 weeks poststart 10 obtain an HbA,. level, to insaruct in the advanced
features of the pump, to troubleshoot, and to assess competence and comfort with
the pump and its use.

TYPE 2 DIABETES

It is estimated that 40% of all type 2 diabetes patients are using insvlin (o control
their blood sugar levels. Pancreatic insulin production decreases, and typically
continues (o decline over lime. In some of these patients, the dosages required
are in excess of 100 units per day. The greater the dosage given of a long-lasting
insulin, the greater the intrapatient variability, resuviting in a wide variation in
blood sugar levels from day to day. The reproducibility of glucose response to
Regular short-acting insulins should make insulin pumps ideal for type 2 diabetes
patients who require insulin. Unfortunately, the very few studies that have exam-
ined this hypothesis have becn short-term or the results have been anecdotal. In
one recent study, type 2 diabetes patients were effectively treated with insulin-
pump therapy and a short-acting insulin analog. In the pump group, a smaller
percentage of patients (5%) experienced hyperglycemia (>350 mg/dl) than in
the multiple-daily-injection (MDI) group (18%) (37). It is reasonable to apply
the same criteria and guidelines to this group when pump therapy is chosen and
to follow the same guidelines for determining insulin dosage rates for delivery
by pump as those vsed in the adult type 1 diabetes population. A useful tool is
the recognition that for patients requiring very high snsulin dosages (=200 units/
day) the use of U500 Regular insulin can result in both improved battery life for
the pump ang an increased responsiveness to insulin, as reported by clinicians.
Insurance coverage for intensive therapy in non-Medicare patients using insulin
15 frequently available for both pumps and supplics and should be investigated
on an individual basis.
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PREGNANCY

Pregnancy offers the clinician the unique opportunity to reap immediate rewards
for good glucose control. In a science in which adverse long-term events fre-
quently take 15 years to occur, normoglycemia during pregnancy ang preconcep-
tion results in healthy pregnancies and reduced complications for both the mother
and the child. The targets for blood glucose are constant during preconception
and pregnancy. Fasting blood sugars should be in the range of 60-90 mg/dl.
This is the same level that should be aimed for in the overnight, 3 A.M., and
preprandial periods. One-hour postprandial blood sugars should be 120-140 mg/
dl (38-40). The challenge of adhering (o this is made somewhat easier by the
vse of insulin pumps.

In terms of insuhin sensitivity, pregnancy can be divided into four distinct
periods of Llime determined by the gestational age and the resulting milieu for
glucose production, uptake, and utilization. This progressive, diminished insulin
sepsitivity is caused in large part by the hormones being produced to maintain
the pregnancy as it progresses. Weeks 6—18 require the least insvlin, estimated
at 0.7 U/kg current body weight. The requirement from 18 to 26 weeks’ gestation
rises, on average, to 0.8 U/kg current bady weight and then to 0.9 U/kg for weeks
26-36. In the final stage of pregnancy—week 36 till defivery—the estimated
total insulin daily requirement is 1.0 U/kg (41). As with all dosage guidelines,
individual determinations on a patient-by-patient basis must be done because
requirements can vary widely.

Special considerations during pregnaney include the avoidance of diabetic
ketoacidosis, which can have a feta) death rate as great as 50% (42). Emphasis
is on early detection: frequent monitoring of blood sugars (o detect an increase
in these values at the earliest signal of diminished insulin delivery, prompt action
by giving correction bolus by injection for any blood sugar greater than 160 mg/
dl if the glucose does not respond to one given by pump, and conscientiously
checking urine for ketones every morning and whenever the blood sugar is higher
than target. [n our praclice, use of a combination of long-lasting insulin given
by injection at bedtime together with pump therapy has prevented any events of
nocturnal DKA.

The sites used for the infusion set are different than in the nonpregnant
state only in the last rimester and doring the actval delivery. The abdomen is to
be avoided because of the stretching and the increased risk of cellulivs. This also
prevents having to remove the pump during delivery in the event of a caesarjan
section. The infusion rate during delivery may need 10 be reduced dramatically
and can even be put on suspend. Although not specifically approved for use either
in pumps or during pregnancy, the fast-acting insulin analogs are commonly used.

Insulin pumps enable meeting Lhe challenges presented by pregnancy,
which may include dramatic decreases in food intake because of morning sick-
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ness as well as demands for rigid control while limiting hypoglycemia and its
adverse effects. The most important part of intensive therapy during pregnancy
is the frequent monitoring of blood sugars—usually before and after meals, at
bedtime, and periodically during the middle of the night. It is essential to thus
continuously verify the appropriate basal and bolus amounts as the pregnancy
proceeds. There is no contraindication for starting insulin pumps during preg-
nancy, and no special risks.

SPECIAL CONSIDERATIONS
Hypoglycemic Unawareness

Even the nonintensively controlied group in the DCCT was not spared hypoglyce-
mic events. In patients with impaired awareness, the number of evenls has been
estimated at 160 per year (43,44). This rate is six times that in people with type
| diabetes with unmimpaired awareness. Analysis of meter downloads demon-
strated that even at HbA | levels of 8.5%. 12% of all readings were betow the
targets set by the DCCT. When euglycemia is attempted, iauwogenic hypoglyce-
mia is common, especially compared with that reporred by standard bload glucose
measurement. Analysis of continuous glucose monitoring revealed that 87% of
all subjects had hypoglycemic events and 62% had nocturnal hypoglycemia that
was not accompanied by symptoms and therefore would be unrecognized. For an
average of 2.4 hours per day, blood sugar levels were in the the range considered
hypoglycemic; there were 1.8 distinct hypoglycemic episodes per 24 hours, and
each of these episodes lasted an average of 72 minutes. It is known that brain
metabolism is severely impaired at blood glucose levels under 55 mg/d); this is
linked to the decrease in counterregulatory hormone release. Diabetes of longer
duration typically results in repetitive hypoglycemia and unawareness. In these
patients, careful avoidance of low blood sugars can result in partial restoration
of awareness, indicating that targess for glucose should be set higher with the
goal being (o prevent low bload sugars. The recommended preprandial, bedime,
and overnight targets in this population are 100—160 mg/dl, and postprandial
targets should be approximately 50 mg/di higher than the preprandial tacgets
(45).

Renal Disease and Neuropathies Such as Gastroparesis

When there is a decrease in either glucose absorption or its predictability, as in
gastroparesis, judicious raising of blood sugar targets to those that will result in
prevention of hypoglycemia is a justifiable strasegy of therapy.

This is also applicable when insulin action and its disappearance from the
blood are affected by rena) function. In both of these special clinical states, the
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fact that there is no long-lasting insulin in the patient is a tremendous benefit in
terms of prevention of unexpected hypoglycemia and ils adverse results.

Maintenance of long-term euglycemia is achievable in most, if not all, pa-
tients with diabetes. Intensive therapy should achieve two goals: the lowering of
blood sugars to levels thal have a posilive impact on microvascular complications
of diabetes and the avoidance of hypoglycemia and its short- and long-term dam-
aging effects. Both of these goals need to be accomplished while allowing the
patient to enjoy a normal lifestyle. These targets are attainable only if insulin is
delivered in a physiological way. This means inclusion of the patient in the deci-
sion-making process of determining insulin requirements based on current glo-
cose levels and expected insulin need for meals and activity. It is the patient’s
knowledge of glucose levels and their response to administered insulin that makes
all this possible. The most physiological mode of delivering insulin is by use of
insulin pumps. Patients must be willing to take part in the glucose testing and
the quantification of insulin needs for the muliipie events that make a day eventful
in terms of glucose excursions and insulin requirements. Pumps are a way to
‘‘decriminalize’’ diabetes and allow people with this disease (o once again ac-
tively participate in the many aspects of a normal life.
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Noninvasive Insulin-Delivery Systems
Options and Progress to Date

William T. Cefalu
University of Vermont College of Medicing, Burlington, Vermont

INTRODUCTION

Since its discovery, insulin has been the mainstay of weatment for patients with
type | diabetes. For patients with type 2 diabetes, we have wraditionally relied
on the oral agents, and these pharmaceutical agents have served us well. With the
various drug classes now available, the oral agents address the pathophysiological
abnormalities recognized (o be present in the patient with type 2 diabetes. Spe-
cifically, oral hypoglycemic agents such as the sulfonylureas depend on insulin
production by B cells and can markedly increase meal secretion of insulin. The
biguanides, i.e., metformin, and the more recently introduced thiazolidirediones
improve glycemic control by decreasing hepatic glucose production and sensitiz-
ing the peripheral tissues to insulin. Nevertheless, the mode of action for these
two classes of drugs also depends on adequate endogenous insulin production or
on exogenous insulin. In addition, the results of long-term prospective studies
have demonsirated that the natural history of type 2 diabeies suggests a progres-
sive disease in which multiple therapics may be required o achicve glycemic
control. In this regard, the combination of drugs from the various classes has
shown additive benefits to improve diabetic control, and combination oral therapy
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may be considered a routine approach in the management of type 2 diabetes.
However, with the progressive nature of the disease, and the failure of combina-
tion oral therapy t0 adequately control the patient, insulin has emerged as a more
viable treatment option much earlier in the disease process in patients with type
2 diabetes.

Type 2 diabeies, as discussed in detail in other chapters of this book, can
be considered a disease in which a ‘“‘relative’” insulin deficiency exists at any
given level of insulin resistance. Essentially, type 2 diabetes presents when the
pancreas fails to compensate for the increased insulin demand and this failure to
adequately compensate results in hyperglycemia. It has been observed that pa-
tients with type 2 diabetes will develop progressive insulin deficiency dunng the
course of their disease. As a result, exogenous insulin may be required to aclueve
glycemic control for most patients at some point, either as monotherapy or in
combination. The European Diabetes Policy Group has suggested guidelines for
diabetes care that recommend using insulin in type 2 diabetic patients with HbA
levels >7.5%. It may be because of these suggested guidelines that the use of
insulin in patients with type 2 diabetes appears to be more widely accepled in
Europe than in the United States at this ime. The National Instituies of Health
has estimated, however, that in the United States approximately 40% of patients
with type 2 diabetes currently receive exogenous insulin therapy.

The benefits of insulin therapy, although well established for type 1, have
also become important in the management of patients with Lype 2 diabeles when
one considers the benefits of improved glycemic control in both types of diabetes
(for review, see Chapter 1). The Diabetes Control and Complications Trial dem-
onstrated conclusively that the risk of microvascular complications (e.g., retinop-
athy, nephropathy, nevropathy) can be reduced significantly in patients with type
| diabetes with tight glycemic control. Evidence for a benefit of improved gly-
cemic control in type 2 patients was provided by the United Kingdom Prospective
Diabetes Study. This study confirmed that in patients with type 2 diabetes, yim-
proved glycemic control significantly reduced the number of microvascular com-
plications, as well as offering some indications of a favorable effect on macrovas-
cular disease. Thus, when adequate glycemic control is not achieved in the type
2 diabetic patient, as determined by failure to achieve the target HbA . level
with traditional oral therapies, it is appropnate to consider exogenous insulin
administration. In the efforl (o achieve glycemic control, exogenous insulin ther-
apy can be considered the ‘‘gold standard™” because the dose can be titrated o
achieve the desired glycemic target.

Jt can be argued that the benefits obtained by achieving good glycemic
control with insulin therapy outweigh any theoretical or unsubstantiated risks.
However, both physicians and paticnts have concerns about the safety and ad-
verse effects (e.g., hypoglycemia, weight gain, increased cardiovascular risk) of
exogenous insulin therapy. These concerns, whether rea) or perceived, may serve
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as major barriers and contribute to the reasons that intensive insulin therapy has
nol gained widespread clinical acceplance. The inconvenience of having (o take
multiple daily injections and carry around insulin supplies may contribute to poor
compliance. Further, the time required of both the provider and the patient o
successfully implement the intensive insulin regimen and the resources required
to do 8o may limit acceptance. There is obviously a psychological component—
patients with type 2 diabetes may feel that advancing to insulin therapy is related
to a serious progression of their discase state.

Thus, both practical and psychological hurdles contribute to the resistance
to advance to insulin and, when insulin 1 administered, may lead to errors in
technique and anxjety, further hindering improvement of metabolic control. Such
real concerns are demonstrated in studies that suggest that between 60 and 80%
of patients may perform some aspect of insulin administration incorrectly, ¢.g.,
timing of admimstration or taking correct dose. As physicians, we may not recog-
nize the iportance of injection-related anxiety in our patients. In 1999, Zamban-
ini and colleagues assessed injection-related anxiety in 115 patients with either
type 1 or 2 diabetes. Their findings suggest a cause for concem: 1) 14% of patients
admitted avoiding injections because of anxicty; 2) 42% reported concemn at the
prospect of having to nject more frequently, which may be essenunal to achieve
control; and 3) of the 28% of patients with marked anxiety, 45% had avoided
injections and 70% reported concern at the prospect of having to inject more
frequently. These concerns will adversely influence compliance and greatly inter-
fere with the clinical goal of achieving glucose control. What, then, is the optimal
approach? On one hand, we recognize in patients with type 2 diabetes that gly-
cemic control is required 10 reduce the complications; on the other, significant
concems exist regarding required therapy. Our traditional means of providing
exogenous insulin has therefore been re-evaluated. To understand this re-evalua-
tion, a brief review of the development of insulin may help in the understanding
of the current focus on altemative insulin delivery.

HISTORY OF INSULIN DEVELOPMENT

The insulin era began in 1921, when Frederick Banting and Charles Best excited
the medical world by reporting that they had isolated the active ingredient in the
pancreas believed (o regulate blood glucose. In collaboration with a biochemist
named Collip, Banting and Best produced an extract of insulin. The real signifi-
cance of this work in providing a viable clinical therapy, however, was not real-
ized until January 11, 1922. On this date, a 14-year-old boy named Leonard
Thompson was dying of diabetes in the Toronto General Hospital when Banting
and Best provided him with injections of pancreatic extract. The injections low-
ered the boy’s blood glucose levels and the treatment allowed him to return home
within weeks. The successful treatment of this disease, which had been consid-
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ered essentially untreatable, was one of the major medical breakthroughs of the
20th century. As a result, the Nobel Prize in 1923 went Lo Banting and department
head John Macleod. Although Best’s and Collip’s roles were unrecognized by
the Nobel committee, the four researchers shared the award.

Shorly after Banting and Besl's breakthrough, insulin became widely
available. Since that initial treatment over 80 years ago, there have been incredi-
ble advances in the development of formulations with different onset of action,
duration, and roles in therapy. Advances have also been made in our understand-
ing of the pathophysiology of both type 1 and type 2 diabetcs, as well as of the
molecular structure of insulin. Subsequently, techniques of recombinant DNA
technology have been developed and synthetic human insulin has become a real-
ity. Advances made by manipulating insulin’s structure have led to a number of
short- and long-acling analogs that provide tremendous options for patients. In
particular, the short-acting analogs represent an important therapeutic advance.
These analogs, intended for use just prior to ingesting a meal, more closely mimic
the pharmacokinetic and pharmacodynamic properties of endogenous insulin and
overcome the limitations of injected Regular insulin.

However, despite the remarkable advances made in understanding insulin’s
structure, activity, and physiological role, a major hmitation that exists even today
is that the only available route of insulin admimistration is still by injection. At-
tempts have been made to develop alternative means of delivery, ang significant
technological innovations have made self-injection easier. For example, Lhe insu-
lin pen devices use smaller-gauge needfes, are convenient, offer more accurate
delivery, are less painful to use than conventional needles, and may enhance
compliance. Unfortunately, injection with a pen is still an injection, and self-
injection is required several times a day to optimize glucose control. In additon
to the goal of noninvasive insulin delivery to eliminate the injection, broader and
more important aims of alternative insulin delivery should include mimicking the
normal physiological insulin time—concentration profile as closely as possible. As
discussed in Chapter 1, a 24-hour normal endogenous profile ¢an be divided inio
basal levels of insulin in postabsorptive states and the postprandial rise after meal
ingestion. The physiological insulin profile peaks within 30-60 minutes of eating
and returns to baseline within 2—4 hours. Unfortunately, following a subcutane-
ous injection, Regular human insulin has a slow absorption, meaning that patients
may have (o inject 30-60 minutes prior to meals and insulin may persist in the
circulation for 4—6 hours. Additional concerns for the intermediate- and long-
acting human insulin preparations, e.g., NPH and Ulwralente, is that they may
have an undesirable peak profile after subcutaneous injection while still lacking
sufficient duration in action. It is for this reason that the short- and long-acting
analogs of human insulin were developed that offer a more physiological insulin
pharmacokinetic profile than that achieved with previouvs formulations. Unfortu-
nately, despite the ability of the new formulations to closely mimic a normal
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physiological profile, all these preparations still have the drawback that they req
quire an injeclion.

THE SEARCH FOR A PRACTICAL NONINVASIVE INSULIN-
DELIVERY SYSTEM

The major goals when considenng a praclical noninvasive insulin-delivery sys-
tem are 10: 1) overcome the major limitation associated with conventional insulin
injections and 2) preserve a more physiological insulin profile. Achieving these
goals will allow for more intensive insulin delivery, a regimen clinically proven
to significandy improve glycemia and reduce complications, while enhancing
patient compliance. Such goals are lofty. but they are receiving increased research
attention. Current areas of ongoing research are outlined in Table 1.

Jet Injectors

Jet injectors are devices that administer insulin without needles by delivening a
high-pressure stream of insulin into subcutaneous tissue. Even though needles
are not used, the discomfort associated wilh jel injectors is reported 10 be com-
parable to that with injections. In subjects with great anxiety about necdics,
however, these devices can obviously have a benefit. Unfortunately, these de-
vices may negatively impact the pharmacokinetics of long-acting insulin, forc-

TaBte 1 Current Approaches to Penetrating the Skin Barrier

Jet injectors: Devices that administer insulin without needles by delivering
a high-pressure stream of insulin into subcutaneous tissue

lonotophoresis: Process using low-level electrical current to speed the de-
livery of drug ions into the skin and surrounding tissues

Low-frequency ultrasound: Process by which ultrasound increases, by
several-fold, the permeability of human skin to macromolecules such as
insulin

Transfersomes: Composites of pharmaceutically accepted ingredients de-
signed to deliver drugs across the skin barrier by opening temporary
channels between adjoining celis

Intranasal administration: Delivery of insulin to nasal mucosa for absorp-
tion; bioavailability is low

Oral insulin: Via the buccal mucosa in the mouth or mucosa in the gastro-
intestinal tract

Pulmonary delivery: Takes advantage of favorable pulmonary anatomy
(e.g., permeability, increased surface area) for absorption of insulin for
rapid systemic effect
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ing more frequent administration . Although they are not widely used, they have
been recommended only for people inlolerant of conventional needle injection
systems.

Transdermal Delivery by lontophoresis

Tontophoresis is a process very similar to that of the passive transdermal medica-
tion patches that deliver nicotine for smoking cessation or hormonc therapy for
postmenopausal women. Tontophoresis uses low-level electrical current to speed
the delivery of drug jons into the skin and surrounding tissues. It appears to be
an effective and rapid method of delivering medication into the skin. Such a
process has been evaluated for insulin in diabetic rats that had been depilated;
transdermal delivery of bovine insulin using iontophoresis produced a concentra-
tion-dependent reduction in plasma glucose levels. However, the method did not
appear 10 be a5 effective in rats that had not been depilated, which suggests that
either the depilation was effective in reducing the skin's barrier function or the
creams used with the iontophoretic device acted as a penetration enhancer. Al-
though this is an area of great interest, the factors critical 10 transdermal absorp-
tion and delivery of insutin will need to be defined in further studies.

Low-Frequency Ultrasound

The use of low-frequency ultrasound has also been evaluated as a means of nonin-
vasively administering insulin. It has been demonstrated to increase, by several-
fold, the permeability of human skin to macromolecules. This technique may
augment delivery of drugs such as interferon-gamma and erythropoietin. HOWJ
ever, given that a goa! of noninvasive delivery is to mimjc physiological insulin|
patterns, this approach provides a rate of delivery of insubin that is too slow to!
be a viable clinical option.

Transfersomes

Transfersomes—composite phosphatidylcholine-based vesicles—are composites
of pharmaceutically accepled ingredients designed to deliver drugs across the
skin barrier. This technology takes advantage of the natural moisture gradient
across the skin; the mechanism by which it works is believed to be by opening
up temporary channels between adjoining cells. It thus has the potential to deliver
macromotecules, e.g., insulin, across the skon barrier. Transfersomes have shown
effectiveness in delivering local and systemic steroids, proteins, and other hydro-
philic macromolecules, Transfersomes have the property of deformability, which
facilitates their rapid penctration through the intercellular lipids of the skin—
they are flexible enough to pass through pores smaller than thewr own size. Indeed,
transfersomes pass through pores with an efficacy similar to that of water, despite
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being some 1000 umes larger. With particular regard to insulin, transfersomes
coupled with insulin allow insulin o cross ntact skin cells with a bioelfi-
ciency of approximately 50% of the subcutaneous dose. It has been estimated
that, with present technology, a skin surface area of approximately 40 cm? is
sufficient o cover the basal daily insulin requirements of most patients with type
| diabetes. However, limitations regarding delay in onset, making prandial use
problematic, are of concern. Additional studies will be needed to determine the
clinical utility of this approach.

Intranasal Delivery

The use of intranasal insulin as a viable ¢linical option has received considerable
attentton. The major problem associated with nasal agministracion of insulin is
poor bioavailability. which is typically observed to be between 8 and 15%. Fac-
tors affecting bioavailability include liming of dose and frequency of administra-
tion. Nasa) formulations have used permeability enhancers to augment bioavail-
ability, but these result in nasal irritation in many patients. Nasal insulin, however.
has been shows to have clinical effect. The effectiveness of intranasal insulin in
31 patients was evaluated by Hilsted and colleagues in 1995. They repocted that
the insulin dose needed to reach given markers of glycemic control by intranasal
administration was 20 times higher than that given by subcutaneous injection.
Although no difference in the number of hypoglycemic episodes between subcu-
tancous and nasal delivery was observed, markers of metabolic control worsened
slightly but significantly during nasal insufin treaument. Nevertheless, nasal insu-
Jin has been shown to reduce postprandial glycemia. The reduction is especially
marked following repeated dosing. Therefore, intranasal administration of insulin
1s promising, and has shown (o be e¢ffective in lowenng glucose. However, further
studies to establish long-term safety, patient acceptance, and effectiveness are
needed.

Oral Insulin

Oral administration of insulin can be viewed as having two specific areas of
uptake: 1) via the buccal mucosa in the mouth and 2) via mucosa in the gastroin-
testinal tract. Oral insulin delivery is obviously an attractive concept to both pa-
tients and physicians, but this approach has significant hurdles (0 clear before it
is a clinically feasible option. Large polypeptides such as insulin will have limited
bicavaiiability due to two factors. First and foremost, the molecules tend to be
too large and hydrophilic to cross the mucosa. Second, such polypeptides undergo
extensive enzymatic and chemical degradation within the enzymatic barnier of
the gastrointestinal-tract mucosa. In an effort to overcome these anatomical and
physiological barriers, several research approaches have been attempted to pro-
mote the bioavailability of oral insulin, including: 1) acy! derivatives; attachment
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of caproic acid molecules angd coating with chitosan stabilizes degradation and
improves permeability, 2) concurrent administration with protease inhibitors;
expenments in dogs suggest that protease inhibitors may augment the oral bio-
availability of insulin, but this has not been tested in humans and the long-term
side effects are unknown, 3) enclosing insulin within microspheres, protecting
against hydrolization or enzymatic degradation by attaching insulin to cammer
molecules, and 4) use of absorption enhancers, an approach similar to nasal for-
mulation to enhance buccal delivery and that avoids reliance on lower gastrointes
tinal absorption.

Of all the suggested approaches, it appears that only buccal delivery ha
recently advanced to more widespread testing in patients with diabetes, and re
pors suggest clinical benefits.

Pulmonary Delivery
Concept and Science

Many of the limitatons outlined above that exist for other roules of noninvasive
insulin delivery appear to be nicely addressed because of Lhe [avorable anatomy
of the lung. First, the lung’s large surface area is highly permeable, and it is
suggested that peptides such as insulin will ¢ross the alveolar cells in a process
called wanscytosis, atthough this has not been conclusively proven. The process
is believed (o occur as follows: 1) the inhaled insulin molecules, once deposited
in the al]veoli, are believed to be taken up into vesicles; 2) the insulin particles
are then transported across the epithelial cells and refeased into the interstitial
fluid between the epithelium and the alveolar capillary endothehium; and 3) the
insulin is then taken up into vesicles, ransported across the capillary endothe-
lium, and released into the bloodstream (Figure 1). This process results in a rapid
systemic effect as pulmonary inhalation of insulin results in peak levels after 15—
20 minutes. A second major advantage for pulmonary delivery is the large surface
area of the lung—the normal human lung may have a surface area of 100 m®.
Thus large surface area, combined with the favorable permeability properties,
makes the lung a very attractive route for the administration of insulin.

The feasibility of inhaling insulin is not a new idea; it was first reported
three years after Banting and Best's extraction of insulin. In 1925, Gansslen ob-
served a lowering of blood glucose approximalely 2 hours afler administering
putmonary insulin in five diabetic patients. Despite Génsslen’s finding, this non-
invasive approach was not pursued further unti) Wigley and colleagues revisited
pulmonary insulin delivery over 45 years later. They reponied increased ievels
of plasma immunoreactive insulin in both normal volunteers and patients with
diabetes after delivering pork—beef insulin using a nebubzer. The observation
that hypoglycemia closely followed the rise of plasma insulin confirmed proof
of concept for the approach.
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Once the feasibility of pulmonary delivery had been established. the next
step was to design an effective pulmonary delivery system appropriate for patient
use. In this regard, the vast experience gained in the management of asthma has
greatly aided the development of pulmonary delivery systems for insulin. The
asthma drug—delivery devices—e.g., nebulizers, metered-dose inhalers, and dry-
powder inhalers—although very useful in the management of local respiratory
diseases such as asthma, are not appropriately designed to deliver drugs deep
into the alveoli for systemic drug delivery. For inhaled insulin to work effectively,
a device would need to allow insulin to reach the alveloli, and to do so in a
very reproducible manner. The pulmonary delivery systems currently in clinical
development have been designed 10 deliver both dry-powdered and soluble insu-
lin to the alveoli (for reviews, see Klonoff, 1999, and Greener, 2000).

Factors Influencing Pulmonary Insulin Delivery

In addition 1o the requirement that the device be able to administer insulin to the
deep reaches of the fung, a number of other potential limitations must be over-
come for effective pulmonary drug delivery (Table 2). One factor is particle
size—il has been suggested that the lungs very effectively filter parucles with
the exception of very small (imean aerodynamic diameter <5 pm) particles. These
observations established that particle size is a main determinant of efficient pul-
monary insulin delivery. Studies have established that particles should have low
velocity and an aerodynamic diameter of 1-3 wm. Larger particles are observed
to deposit in the bronchia! wbes and smaller particles are exhaled. Thus, the early
attemnpts to develop pulmonary delivery systems, by not sufficiently controlling
particle size, failed to reliably and sufficiently deliver drug. Only in the recent
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TABLE 2 Factors Affecting Pulmonary Drug Delivery

Type of propellants vtilized

Airflow speed

Losses within the device and the environment
Particle size and velocity

Drug clearance and absorption

Drug deposition into the throat and bronchial tubes
Patient compliance

Potential impact of concomitant diseases

past have technological advances in manufacturing, by now having the ability to
control particle size, enabled the development of a range of inhaled formulations
and delivery systems including the dry-powder insulin inhalation systems and
aqueous insulin aerosol. These systems are undergoing extensive clinical evalua-
tions, but, as described, the dry-powder formulations may have several advan-
tages over conventional liquid formulations, including product and formulation
stability, and high-drug-volume delivery.

Once the aerosolized drug reaches the alveloi, its bioavailabtlity must be
high enough to make the delivery system feasible. This was the apparent problem
with the earlier studies. Despite the successful demonstration of the principle of
insulin inhalation for the treatment of diabetes in 1925, the bioavailability was
low (<3%). However, more recent inhalation studies that have compared insulin
administration by inhalation devices with subcutaneous injection for reproduc-
ibility of dosing have shown that the variability in glucose response to the two
methods was equivalent. Recent observations suggest that the bioavailability with
aerosol insulin is approximately 20%, supporting the use of pulmonary delivery
as a method of insulin administration.

Although studies have not evaluated pulmonary delivery in pulmonary dis-
eases such as emphysema or COPD, it has been suggested that active smoking
greatly influences the pharmacokinetic profile. It appears that smoking, while not
altering the time of peak effect (approximately 15 minutes), can greatly elevate
the concentrations obtained.

Pharmacokinetics of Inhaled Insulin

One of the major advantages of inhaled insulin is that its pharmacokinetics appear
to be similar to those of the new insulin analogs and may be closer to a physiologi-
cal profile. In support of such observations is the evidence suggesting that the
time—concentration profile of inhaled human insulin in blood is similar 10 that
of physiological insulin secretion in healthy volunteers. Several studies have eval-
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vated intravenous, subcutaneous (both Regular ang fast-acting), and inhaled nsu-
lin. Heinemann et al. demonstrated in 1997 (hal the relalive effectiveness of in-
haled insulin was approximately 10% with regard to inwavenous insulin
administration and 8% with regard to subcutaneous insulin administration. In
addition, Heise el al. reporled that the onsel of action of inhaled insulin appears
to be more rapid than that of subcutaneous insulin. Inhaled insulin demonstrated
a faster onset of action than subcutaneous Regular insulin and even insulin lispro
(early fy: 32, 48, and 40 minutes, respectively). The maximal metabolic action
(based on glucose infusion rates) was comparable with that of Regular insulin
and lower than that of lispro. The duration of action of inhaled insulin (1ate fss)
was between that of lispro and Regular insulin (382, 309, and 413 minutes, re-
spectively) (Figure 2). In additon to the above, it appears from several other
evaluations that the pharmacokinetic and pharmacodynamic profiles of pulmo-
nary delivery of insulin mimic those of the normal physiological response.

Clinical Results with Inhaled Insulin

On a clinical level, however, studies have suggested that inhaled insulin may be
effective in both type | and type 2 subjects who are taking insulin and is effective
in type 2 diabetic patients failing on oral agents. In 1999, Weiss et al. examined
the effect of adding inhaled insulin (using a dry-powder formulation) to oral

500 -
400 4
30690 -
Minutes
200 -
100 -
0 J
Inhaled Regular Lispro
insulin insulin (18 V)
(6 mg) (18 V)

Ficure 2 Duration of action (1ate ;) for inhaled insulin, Regular insulin, and
insulin lispro.

Copytight © Marce] Dekker, Ioc. Al rights reserved.

MarceL Deoa, Inc. m
270 Madison Avemue. New York, New York 10016 0



256 Cefalu

agents in a study in 69 patients with poorly controlled type 2 diabetes (HbA ;. 8.1—
11.9% despile receiving therapeutic doses of a sulfonylurea and/or metformin).
Patients were randomized 1o either continue with their current oral agent alone
or take the oral agent in combination with inhaled insulin (one or two inhalations
three times daily, 1.e., before meals). Inhaled insulin treatment was observed to
significantly improve HbA . in subjects receiving inhaled insulin compared with
the level in those receiving an oral agent alone (—2.28 vs. —0.06%, respectively;
p < 0.001). Inhaled insulin therapy was well tolerated, with only one report of
severe hypoglycemia. In addition, pulmonary function tests remained stable over
the 3-month study period.

Two phase 2 studies have been reported on chinical use of the dry-powder
formulation for reatment of type | and 2 diabetic subjects who were on insulin
injections. Skyler et al. recently evaluated 73 patients with type 1 diabetes who
received either their vsual insulin regimen of two or three injections daily or pre-
meal inhaled insulin plus an injection of Ultralente insuiin at bedtime, for 12
weeks. At 12 weeks, there was no significant difference in HbA . or fasting or
postprandial glucose concentrations between those randomized to inhaled insulin
versus those taking subcutaneous insulin. In a study of 26 patients with type 2
diabetes who were receiving insulin therapy prior to study, pahents were admims-
tered one or two inhalations of the dry-powder insulin formulation {(between 3
and 18 units, according to the glucose response) before each meal plus bedtime
Ultralente insulin. Insulin doses were adjusted at weekly intervals to achieve the
target preprandial glucose of 100-160 mg/dl. Mean HbA . levels were observed
to significantly decrease by 0.71% when compared with the baseline value. The
limitation of both the type 1 and 2 studics of inhaled insulin versus subcutaneous
insulin is that they were of open-label design. Nevertheless, these studies strongly
suggested that inhaled insulin may be a viable option for patients with either type
| or type 2 diabetes currently on insulin therapy.

An imporstant component of the early inhaled-insulin protocols is that pa-
tients appeared to be very satisfied with inhaled-insulin treatment. Patient-satis-
faction surveys have confirmed that, after | year of treatment, patients receiving
inhaled dry-powder insulin maintained their satisfaction with significantly greater
improvements than those using conventional insulin injections, in global satisfac-
tion and convenience/ease of use. Gerber ¢t al. found that patients who switched
from subcutaneous insulin (o inhaled insulin showed a significant improvement
{p < 0.05) in global satisfaction (20% improvement), convenience/ease of use
(28% improvement), and social stigma (16% improvement). In contrast, patients
who switched from inhaled to subcutaneous insulin showed a trend toward wors-
ening satisfaction, Thus, adherence to treatment with inhaled insulin may be bet-
ter than that observed with injection regimens, although this must await confir-
mation by long-term studies.
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SUMMARY

It is now unquestioned that glycemic control is required 1o prevent progression
of diabetic complications. This has been firmly established not only for 1ype 1
diabetes but also for type 2 diabetes. Insulin is the only treatment for type 1. and
the natural history of type 2 diabetes suggests that insulin may be required for
it too, given the progressive nature of the disease. Thus, regardless of the type
of diabetes, multiple injection therapy may be required to adequatety control
glucose levels. Unfortunately, a number of barriers exist at both the patient and
physician levels thal may prevent the advancement (o intensive insulin therapy.
In addition to other relevant concerns, one obstacle is that injection remains the
only viable means of administering jnsvlin. However, numerous approaches have
been evaluated to admimster insulin noninvasively. Although the research is still
very active in this area, pulmonary delivery, al this date, appears to have the
most potential 10 become a clinically viable alternative to insulin injections. The
clinical evidence shows that inhaled insulin is effective and well tolerated. 1t
has a more physiological insulin profile than conventional subcutaneous insulin
making it ideal for preprandial administration. Inhaled insulin, in the early stud-
ies, has met with increased patient satisfaction. The additional srudies needed 1o
confirm long-term efficacy and long-term pulmonary safety are underway. How-
ever, the evidence to date suggests that pulmonary insulin delivery may offer the
potential to improve compliance and theseby help reduce the number of complica-
tions associated with diabetes.
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[Children with diabeies]
self-blood glucose monitoring in, 133
meter selection in, 37
sick-day rules in, 136-137
Choleslerol guidelines in diabeles, 2, 16-17
Combination insulin and oral hypoglyce-
mic pills, 217-218
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protocol for, 123
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CSII (see Insulin pump)
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DCCT sludy (see Diabeles control and
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[Diet therapy of diabetes]
hypoglycemia and treatment of, 57—
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meals, 161-163
parenteral putrition, 166
meal planning strategics, 54—57
nutrition needs in inpatients, 155~156
in pregnancy. 145-146
USDA food pyramid, 55
DIGAMI stdy. 157, 170
DKA (see Diabetic ketoacidosis)
Dosing adjustmenis, 107-109, 208-210
bedtime insulin in type 2 diabeies,
protocol, 123
in insulin pumps, 230-231
rule of 1500 or 1800, 108-109, 209,
230-231
sliding scales and problems with:
in hospitalized patients, 158—160
in outpatients, 107-109, 208

Educaiion (see Diabetes education)
Elderly and hypoglycema risk, 199
Exchange list for meal planning, 56
Exercise and insulin therapy, 95
in children, 134
reducing insulin to avoid hypoglyce-
mia, 207

Fasling glucose fevel, 61-63, 65-68
hepatic glucose production in the con-
trol of, 7, 61-62
Fool care, 19
Fructosanune test 1o assess glycemic
conwol, 7

Glargine insulin, 8081

cannot mix with other insulins, 30,
81, 101

intensive insolin progeam with meal-
time short-acting insulin analog,
100-102

not proven for use in pregnancy, 144

use n children, 132

263

Glucose homeostasis (see Physiology of
blood glucose level)
Glucotoxicity and reversal by insulin

therapy, 118
Glycated hemoglobin (se¢ Hemoglobin
Alc)

Glycemic controt:
assessment of, 67

by fructosamine, 7

by hemoglobin A,. (HbA,)), 5-6,
15-16, 114

blood glucose guidelines for, 15, 92,
229

contribulion of fasting and postpran-
dial glucose tevel to, 7-10

insulin pumy success in achieving,
224

postprandial glucose levels contribu-
Lion to, 8~10

raitonale and stralegics for achieving,
1-11

in pregnancy, 140-142

to prevent macrovascular complica-
Lons, 6, 113

to prevent microvascular complica-
Lions, 2-6

in type 1 diabetes, 2-3

in type 2 diabetes, 3-6

rclationship to diabetes complications,
1-11
studies showing berefit of:

Diabetes Control and Complica-
tions Trial (DCCT) in type | dia-
betes, 2-3, 92-94, 195, 196

Kumamoto Study in type 2 diabe-
tes, 3-4

Stockholm Diabetes Intervention
Study in type | diabetes, 3

United Kingdom Prospective Diabe-
es Study (UKPDS) in type 2 dia-
betes, 4-6

lests to assess, 6—7
Goals of treatment (see Treatment guide-
lines)
Guidelines of reatment (see Treatment
guidelines)
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HAAF syndrome (see Hypoglycemia-

associated autonomic failure and

Hypoglycemia unawareness)
Hemoglobin A,. (HbA,.)
Lo assess glycemic conirol, 5-6. 15—
16, 114
in children. 133
in pregnancy, (48
contribution of fasting and postpran-
dial glucose level 10, 7-10
guideline for optimal glycemic con-
trol, 5-6, 15-16. 114

lack of wse for the diagnosis of diabe-

tes, IS
methods 10 measure, 7
Honeymoon effect on insulin require-
ments, 129-130
Honolvlv hearl study, 9

Hospitalized patients with diabetes, 153-171

blood glucose monitoring in, 156157

dosing adjustment of insulin by algo-

rithm, 160-161
lack of effectiveness of sliding
scales, 158-160
guidelines for glucose control in,
157-158
insulto infusion, 160-16J, 163-164
insulin programs for, 161-169
acute myocardia) infarcuon (DI-
GAMI protocol), 170
glargine vse in, 162
intravenous infusion, 160- 161,
163-164
lispro vse in, 162
patient who is eating, 161-163
patien\ receiving enteral nutrition,

164—166
palienl receiving parenleral nuiri-
tion, 166

preoperalive patient, 166—169
nutrition needs in, 155-156
preoperative diabetes management,

166-169
sliding scales and lack of effective-
ness in, 158—160

Humalog (see Insulin analogs, hspro)

Index

Hyperglyceruc emergencies (see Dia-

betic ketoacidosis and Non-
ketotic hyperosmolar syndrome)

Hypertension (see Blood pressure guide-

lines in diabetes)

Hypoglycemia and insulin therapy, 57—

58, 92-94, 193-222
avoidance strategies of, 214-217, 234
in children with diabetes, 135-136
in combination insulin and oral hypo-
glycemic pills, 217-218
counterregulation in type 2 diabetes,
199-200
and dawn phenomenon, 213-214
in elderly, 19
with exercise, 207
factors that impair hypoglycemia de-
fenses, 202
and gastroparesis, 216
hypoglycemia vnawareness, 92-94
HAAF syndrome, 200-201
insulin pump therapy n, 240
management of, 201, 202-203
reversibility of, 200-202
self-blood glucose monitoring in, 208
incidence of:
in Dabetes Control and Complica-
tions Trial (DCCT), 195-196
in type 1 and type 2 diabetes, 116,
193-195, 198-200
with insulin pump therapy, 224, 233
lispro versus Regular insolin, 77—
78, 98-100
in insulin pump Lherapy, 224, 233
prevenuon and treatment in adults,
233-234
prevenlion and treatment in chil-
dren, 236-237
nevrological dysfunction from, 197-198
nocturnal hypoglycemia, 201
with commercial premixed insulin,
212
with insulin pump therapy, 233
with NPH insvlin, 212
with Ulratenie insulin, 99
risk factors for severe, 195, 199
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[Hypoglycemia and insulin therapy]
risk with iniensive insulin therapy, 92-94
cole in causing hypoglycemia un-
awareness, 200-202
and sudden death, 198
symploms of, 196197
wreatment of, 57-58, 203-205
Hypoglycemia-associated autonomic fail-
uce (HAAF syndrome), 200-202
Hypoglycemia vnawareness, 92-94
factors that impair hypoglycemia de-
fenses. 202
insulin pump therapy in, 240
management of, 201, 202~203
reversibility of, 200-202
seif-blood glucose moniloring in, 208

Inhaled insuolin, 252-256
in children, 132
Inpanent insulin use (see Hospitalized
patients with diabetes)
Tasulin analogs, 75, 211-212
aspart, 77-78
in insulin pump, 77-78, 227
detemir, 82
glargine, 80-81
cannot be mixed with other insu-
lins, 30, 81. 10}
in children, 132
in hospitalized patients, 162
intensive insulin program with pre-
meal short-acting insulin anafog,
100-102
not proven for use in pregnancy, 144
lispro, 76-78
cauiion with gastroparesis, 216
in hospitalized patients, 162
in insulin pump, 77-78, 227
less hypoglycenta Wun Regular in-
sulin, 77-78, 98-100
in pregnancy, 142—-145
premixed commercial insulin prepara-
tions, 80
Tasulin injection technique, 29-30
assislance devices, 33-34
difficulties with, 31-33

265

lnsulin infusions (see intravenous insu-
lin infusion)
Insulin pens, 25-28
manufacturer phone numbers, 26
Insalin pharmacokinetics, 73-85, 91
intermediate-acting insulins, 78-80
long-acting insulins, 80-81
short-acting insulins, 76-78
vanable day-to-day profiles, 75
Insulin programs, 96—-106
bedtime insulin in ¢ype 2 diabeles,
protocol for, 123
bedtime NPH and pre-meal Regolar,
102-103
daytime NPH, 103-106, 212
glargine with pre-meal short-acting an-
alog, 100-102
premixed commercial preparations,
79-80, 212-213
Ultralenie with pre-meal shori-acting
analog, 98—100
Insulin pump herapy, 223-244
blood glucose guidelines with, 229
hypoglycemia unawareness, 234
in children, 130-131, 234-238
diabetic ketoacidosis and prevention
of, 233
dosing adjustments with, 230-231
effecliveness at achicving glycemic
control with, 224
in gastroparcsis, 240-241
and hypoglycemia:
loweced incidence with, 224
prevention and treatment in adults,
233-234
prevention and treatment in chil-
dren, 236-237
in hypoglycemia unawareness, 240
in pregnancy, 143-144, 238-240
in renal disease, 240
sandwich technique for skin irrilation,
232
roubleshooling high blood glucose
level:
in adulis, 232
i childten, 236-237
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[Insulin pump therapy|
in type 1 diabetes, 228-234
in type 2 diabetes, 238
use of insulin analogs lispro and
aspar, 77-78. 227
Insulin secretion and regulation of the
blood glucose level, 63-65, 88—
9N
and dawn phenomenon, 90
Insulin storage, 28-29
Insulin therapy:
absorption of insulins and factors that
affect, 33,75, 95
in acute myocardial infarcuon based
on the DIGAMI study, 157,
170
bedtime insulin in 1ype 2 diaberes,
protocol for, 123
benefits of, 117-118
BIDS—bedtime insulin, daytime sulfo-
nylucea, 118-119
concemns over insulin use, 116—117
hypoglycemia, 116
cardiovascular disease, 116
weight gain, 116
dawn phenomenon, 90, 213-214
in diabertc ketoacidosis, 183-190
and diel thetapy, 47-59
ADA recommendations, 48—49
dosing adjustments in, 107-109,
208-210
insulin pumps, 230-231
rule of 1500 or 1800, 108-109,
209, 230-231
sliding scales in hospilalized pa-
liems, 158-160
sbding scales in outpatients, 107~
109, 208
equipiient:
injection aids, 33-34
injection technique, 29-30
insulin storage, 28-29
pens, 25-28
pump, 223-244
syringes, 24-25
syringe reusc and disposal, 25

Index

(Insu)in therapy)
zlucose melabolism in fasted and fed
stale for insulin replacement,
65-69
glucotoxicity and reversal by, 118
in hospilalized paticnts, 153-171
insulin infusion, 160-161, 163—164
preopecative, 166—169
receiving enteral nutrition, 164—166
receiving meals, 161-163
receiving parcenteral nutaition, 166
in hyperglycemic emergencies, 173-
192
and hypoglycemia, 57-58, 193-222
inhaled insulin, 252-256
in children, 132
injection aid devices, 33-34
injection anxiely, 117, 247
injection dif6iculties, 31-33
injection technique, 29-30
insulin infusion, 160-161, 163-164
nsulin storage, 28-29
intensive basal-bolus, 87-112
dosing adjustments in, 107-109
eligibility for, 91-92
goals and risks of, 92-94
how to, 95-102
hypoglycemia with, 92-94
insulin programs, 96—106
normal insulin secrction profile,
63-635, 88-91, 205-206
self-blood glucose monitoring in, 109
24-hour msulin dose calculation, 96
in type 2 diabetes, 119-120
weight gain with, 94
in labor, 148—149
mixing insulbins, 30-31
microprecipitation changing insulin
absorption, 30, 79
in nonketotic hyperosmolar syn-
drome, 173-192
noninvasive insulin delivery, 245-260
inhaled insulin, 252-256
tntranasal insulin delivery, 251
jetinjectors, 249-250
ora) insulin, 251-252
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[Insulin therapy]
patient education in, 23-24, 95, 117
pens, 25-28
manufaclurcr phone numbers, 26
pharmacokinetics, 73-8S, 91
intermediale-acting insulins, 78—80
long-acting insulins, 8081
short-acting insulins, 7678
variable day-to-day profiles, 75
postpartum, 149
in pregnancy, 139-151
premixed commercial insultn prepara-
tions, 79-80, 212-213
preoperative, 166—169
programs, 96-106
basal ipsulin strategies, 214
bedtlime insnlin in type 2 diabetes,
protocol, 123
bediime NPH and pre-meal Regu-
lar, 102-103
bolus insulin sirategies, 214-217
dayume NPH, 103-106, 212
glargine wilh pre-meal short-acting
analog, 100-102
premixed commercial insulin prepa-
rations, 79-80, 212-213
Ultralente with pre-meal short-act-
ing analog, 98~100
that do not promote macrovascular dis-
casce based on results of UKPDS
in type 2 diabeles, 5, 116
pump, 223-244
rolating siles, 32-33
self-blood glucose monitoring, 3443
sick day managemeni, 43-44
syringes, 24-25
timing of shorn-acting insulin to avoid
hypogiycemia, 214-215
24-hour insulin dose cafculation, 96
in type | diabetes, 87112 (see also
Insulin therapy, Intensive basal-
bolus)
in type 2 diabetes. 113-125
bedtime insulin, prolocol for, 123
BIDS, bedlime insulin, daytime sul-
fonylurea, 118-119

267

(Insulin therapy)
indicadions for, 114-115
intensified insulin regimens, 119-120
treatment of, 120-123

urine ketone \esling, 44
Intranasal insulin delivery, 251
Intravenous insulin infusion, 160-161,
163-164

Jet insulin injectors, 249~250

Ketone measurements. 181~182
Kumamoto Study in type 2 diabetes, 3-4

Labor, insulin therapy in, 148—149
Lanms (see Insulin analogs, Glargine)
LADA, fatent autoimmung diabetes in
adules. 115, 154-155,
Lenie insutin, 78-79
microprecipitation of Regular insulin
when mixed with, 30, 79
Lipid guidelines in diabetes, 16—17
cholesterol guidelines, 2, 16-17
Lipoatrophy, 31-32
Lipohypertrophy, 32-33
Lispro (see Insulin analogs)

Macrosormia, 140
Macrovascular complications in diabeles
glycemic conirol for prevennon of, 6,
113
insulin infusion in acute myocardial in-|
farcuon, DIGAMI stwdy, 157, 170
insulin treatment not cause, based on
results of UKPDS in type 2 dia-
betes, 5, 116
prevention of:
ACE inhibitors, MICRO-HOPE
study, 17
aspirin vse for primary and second-
ary prevention of, 19
cholesterol guidelines, 2, 16-17
glycemic control in UKPDS study.
13
lipid guidelines, 16—17
smoking, 19
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[Macrovascular comptications in diabetes |
risk with insvlin therapy, 116
studies showing importance of post-
prandial glucose in:
DECODE. 9
Honolulu Heart Siudy, 9
Microalbuminvria screening for nephrop-
athy, 18
Microvascular complications in dia-
betes:
glycenic control for prevention of.
2-6
Mixing insolins, 30-3)
microprecipilation changing absorp-
tion, 30, 79

National Cholestecol Edocation Program
(NCEP) guidelines, 2, 17
National High Blood Pressure Education
program guidehnes, 17
Natural hisiory and progressive nature

of type 2 diabeles based on
UKPDS study, 114
Noninvasive insulin delivery, 245-260
Nonketotic hyperosmolar syndrome,
173-192
¢clinical feawres of, 177-179
diagnosis and initial evaluation of,
182-183
differemial diagnosis versus diabetic
ketoacidosis, 183
general management of, 188—190
incidence and mortality of, 174—175
pathogenesis of, 175-177
weatment of, 183-190
general management, 188—190
hydralion, 184-185
insulin, 185-186
polassivin, 186-187
phosphorus, no indication for, 188
Novolog (see Insulin analogs, Aspan)
NPH insulin, 79-80, 212
bedtime NPH and pre-meal Regolar,
102-103
daytime NPH, 103-106, 212
Nuuttion (see Diet therapy)

Index

Oral agent failures and insulin therapy
in lype 2 diabetes, 114-115
Oral insulin, 251-252

Painful injections, 31
Pauem management (see Dosing adjust-
rents)
Pens (see Insulin pens)
Phystology of blood glucose level, 61~
71
dawn phenomenon. 90
and fasting glucose level, 7. 61-63
glucose metabolism in fasted and fed
state for insulin replacement,
65-69
insulin secretion, 63-65, 88-91,
205-206
and postprandial glucose level, 7
in pregnancy, 141
in lype 2 diabetes, 7-8
Postpartun insulin requirements, 149
Postprandial glucose level, 68—69
factors that influence, 7
in level of hemoglobin A, 8-10
role in macrovascular complications, 9
DECODE study, 9
Ronolulu Heart Study, 9
tole in neonatal macrosonua, 140
Pregnancy and diabetes, 139-151
diet in, 145-146
guidetines for:
glucose controt, 146-147
hemoglobin A, 148
screening for complications, 147
insulin analogs in:
glargine, 144
lispro, 142-145
insulin pump therapy in, 143—144,
238-240
insulin requirements:
during labor, 148-149
during pregnancy, 142—145
postpartom, 149
neonalal care, 149
normal carbohydrate metabolism in,
141
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[Pregnancy and diabetes|
rationale for glycemic control in,

140-142
self-blood glucose monitoring in,
146147

urine ketone lesting in, 44

Premixed commercial insulin prepara-
tions, 79-80, 212-213

Preoperalive diabetes management,
166-169

Proteinuria (sce Microalbuminuria
screening for nephropathy)

Pulmonary insulin (see [nhaled insulin)

Pump (see lnsulin pump)

Rationale for intensive glycemic control
(see Glycemic control)
Registered dietician, 49-50
Regular insulin, 76~78
intensive insulin therapy with bedtime
NPH and pre-meal Regular,

102-103

more hypoglycemia than lispro, 77—
78, 98-100

wait 3045 minules before eating,
214-216

Risk of macrovascular complications
with insulin therapy, 116

Rule of 1500 or 1800 for dosing adjusl-
ments, 108-109, 209, 230-231

Screening for diabetes complications:
Amenican Diabeies Association
(ADA) guidelines, 14

blood pressure, 17

foot exams, 19

lipids, 16-17

nephropathy 17-18

relinopathy, 18

Self-blood glucose monitoring (SBMG),

34-43,

in children, 133

education for, 36-37

frequency of, 40

with hypoglycemia unawareness,

208

269

[Self-blood glucose monitoring (SBMG))
guidelines for blood glucose control, 15
in pregnancy, 146-147
wnpatient glucose monitoring, 156—
157
with intensive insulin therapy, 109—
10
melers:
accuracy and troubleshooting, 42
manufacturer phone numbers, 38—
39
selection, 37-40
for visually impaired, 37-40
postprandial measurements in hemo-
globin A, level, 9-10
in pregnancy, 146-147
record keeping, 41-42
technique, 41
Sick-day management:
in adults, 43-44
i children, 136-137
Shiding scales (see Dosing adjusiments)
Stockholm diabctes inervenuon study
in type | diabetes, 3
Syringes, 24-25
reuse and disposal, 25

Total glycosylated hemoglobin (see He-
moglobin A,)
Treatment guidelines, 13-20
American Diabetes Association
(ADA) standards, 14
blood glucose, 15, 92, 229
blood pressure. 17
cholesterol, 2, 16-17
foot care, 19
hemoglobin A . (HbA)), 5-6, 15-16,
114
nnmunizations for infiuenza and pneu-
mococcus, 19
inpatient glycemia goals, 157-158
lipids, 16-17
microalbuminuria screening, 17-18
in pregnancy, (47
retinopathy screening, (8
smoking, 19
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Type | diabetes, 87-112
diabetic ketoacidosis, 173-192
diet therapy in, 51-52
incidence of hypoglycemia, 193-196
in Diabeles Control and Complica-
tions Trial (DCCT) 195-196
nsk faccors for, 195
insulin pump in, 228-234
LADA, fatent autoimmune diabetes in
adults, 115, 154-155
Type 2 diabetes, 113-125 (see also
United Kingdom Prospectve Dia-
betes Study)
bediime insvlin, protocol for, 123
BIDS, bedume insulin, daylime sul-
fonylurea, 118-119
combination insnlin and oral hypogly-
cemic pills, 118-119, 120-123,
217-218
diet therapy in, 52-54
glucotoxicily and reversal by insulin
therapy, 118
incidence of hypoglycemia, 193194,
198-200
combination insulin and oral hypo-
glycemic pills, 217-218
counterregulation in, 199-200
nsk factors for, 199
indications for insulin therapy in,
114115
insulin pump in, 238

Index

(Type 2 diabeles]

intensified insulin regimens in, 119-
120

natural history and progressive nature
based on UKPDS study, 114

nonketolc byperosmolar syndrome,
173-192

weatment of, 120-123

24-hour glucose profiles, 7-8

Uitratente insulin. 80
intensive insulin progam with pre-meal
short-acting analog, 98— 100
microprecipilation of Regular insufin
when mixed wilth, 30, 79
United Kingdom Prospective Diabetes
Study (UKPDS) in Lype 2 diabe-
tes, 4-6
glycemic control shown to lower mac-
rovascular disease in, 6, 113
insulin therapy does not promote mac-
rovascular disease, 5
natural history and progressive nature
of type 2 diabetes from, 114
UKPDS (see United Kingdom Prospec-
tive Diabetes Study)

Weight gain
with combination insulin and oral hy-
poglycemic pills, 116-117
with inlensive insulin therapy, 94
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