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Figure 418-1 Representative insulin regimens for the treatment of diabetes. For each panel, the y-axis shows the amount of insulin effect
and the x-axis shows the time of day. B, breakfast; HS, bedtime; L, lunch; S, supper. *Lispro, glulisine, or insulin aspart can be used. The time of
insulin injection is shown with a vertical arrow. The type of insulin is noted above each insulin curve. A. Multiple-component insulin regimen
consisting of long-acting insulin (∧glargine or detemir) to provide basal insulin coverage and three shots of glulisine, lispro, or insulin aspart to
provide glycemic coverage for each meal. B. Injection of two shots of long-acting insulin (NPH) and short-acting insulin analogue (glulisine,
lispro, insulin aspart [solid red line], or regular insulin [green dashed line]). Only one formulation of short-acting insulin is used. C. Insulin administration by insulin infusion device is shown with the basal insulin and a bolus injection at each meal. The basal insulin rate is decreased during
the evening and increased slightly prior to the patient awakening in the morning. Glulisine, lispro, or insulin aspart is used in the insulin pump.
(Adapted from H Lebovitz [ed]: Therapy for Diabetes Mellitus. American Diabetes Association, Alexandria, VA, 2004.)
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insulin is secreted into the portal venous system. Thus, exogenous
insulin administration exposes the liver to subphysiologic insulin
levels. No insulin regimen reproduces the precise insulin secretory
pattern of the pancreatic islet. However, the most physiologic regimens
entail more frequent insulin injections, greater reliance on short-acting
insulin, and more frequent capillary plasma glucose measurements.
In general, individuals with type 1 DM require 0.5–1 U/kg per day of
insulin divided into multiple doses, with ~50% of the insulin given as
basal insulin.
Multiple-component insulin regimens refer to the combination
of basal insulin and bolus insulin (preprandial short-acting insulin).
The timing and dose of short-acting, preprandial insulin are altered to
accommodate the SMBG results, anticipated food intake, and physical
activity. Such regimens offer the patient with type 1 diabetes more
flexibility in terms of lifestyle and the best chance for achieving near
normoglycemia. One such regimen, shown in Fig. 418-1B, consists of
basal insulin with glargine or detemir and preprandial lispro, glulisine,
or insulin aspart. The insulin aspart, glulisine, or lispro dose is based
on individualized algorithms that integrate the preprandial glucose
and the anticipated carbohydrate intake. To determine the meal component of the preprandial insulin dose, the patient uses an insulin-tocarbohydrate ratio (a common ratio for type 1 DM is 1–1.5 units/10 g
of carbohydrate, but this must be determined for each individual). To
this insulin dose is added the supplemental or correcting insulin based
on the preprandial blood glucose (one formula uses 1 unit of insulin
for every 2.7 mmol/L [50 mg/dL] over the preprandial glucose target;
another formula uses [body weight in kg] × [blood glucose – desired
glucose in mg/dL]/1500). An alternative multiple-component insulin
regimen consists of bedtime NPH insulin, a small dose of NPH insulin
at breakfast (20–30% of bedtime dose), and preprandial short-acting
insulin. Other variations of this regimen are in use but have the disadvantage that NPH has a significant peak, making hypoglycemia more
common. Frequent SMBG (more than three times per day) is absolutely essential for these types of insulin regimens.
In the past, one commonly used regimen consisted of twice-daily
injections of NPH mixed with a short-acting insulin before the morning and evening meals (Fig. 418-1B). Such regimens usually prescribe
two-thirds of the total daily insulin dose in the morning (with about
two-thirds given as long-acting insulin and one-third as short-acting)
and one-third before the evening meal (with approximately onehalf given as long-acting insulin and one-half as short-acting). The
drawback to such a regimen is that it forces a rigid schedule on the
patient, in terms of daily activity and the content and timing of meals.
Although it is simple and effective at avoiding severe hyperglycemia,
it does not generate near-normal glycemic control in individuals with
type 1 DM. Moreover, if the patient’s meal pattern or content varies
or if physical activity is increased, hyperglycemia or hypoglycemia
may result. Moving the long-acting insulin from before the evening
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meal to bedtime may avoid nocturnal hypoglycemia and provide more
insulin as glucose levels rise in the early morning (so-called dawn
phenomenon). The insulin dose in such regimens should be adjusted
based on SMBG results with the following general assumptions:
(1) the fasting glucose is primarily determined by the prior evening
long-acting insulin; (2) the pre-lunch glucose is a function of the
morning short-acting insulin; (3) the pre-supper glucose is a function
of the morning long-acting insulin; and (4) the bedtime glucose is a
function of the pre-supper, short-acting insulin. This is not an optimal
regimen for the patient with type 1 DM, but is sometimes used for
patients with type 2 DM.
Continuous SC insulin infusion (CSII) is a very effective insulin
regimen for the patient with type 1 DM (Fig. 418-1C). To the basal
insulin infusion, a preprandial insulin (“bolus”) is delivered by the
insulin infusion device based on instructions from the patient, who
uses an individualized algorithm incorporating the preprandial plasma
glucose and anticipated carbohydrate intake. These sophisticated
insulin infusion devices can accurately deliver small doses of insulin
(microliters per hour) and have several advantages: (1) multiple basal
infusion rates can be programmed to accommodate nocturnal versus
daytime basal insulin requirement; (2) basal infusion rates can be
altered during periods of exercise; (3) different waveforms of insulin
infusion with meal-related bolus allow better matching of insulin
depending on meal composition; and (4) programmed algorithms
consider prior insulin administration and blood glucose values in
calculating the insulin dose. These devices require instruction by a
health professional with considerable experience with insulin-infusion
devices and very frequent patient interactions with the diabetes management team. Insulin-infusion devices present unique challenges,
such as infection at the infusion site, unexplained hyperglycemia
because the infusion set becomes obstructed, or diabetic ketoacidosis
if the pump becomes disconnected. Because most physicians use lispro, glulisine, or insulin aspart in CSII, the extremely short half-life of
these insulins quickly leads to insulin deficiency if the delivery system
is interrupted. Essential to the safe use of infusion devices is thorough
patient education about pump function and frequent SMBG. Efforts
to create a closed-loop system in which data from continuous glucose
measurement regulate the insulin infusion rate are under way.
Other Agents That Improve Glucose Control The role of amylin, a
37-amino-acid peptide co-secreted with insulin from pancreatic beta
cells, in normal glucose homeostasis is uncertain. However, based on
the rationale that patients who are insulin deficient are also amylin
deficient, an analogue of amylin (pramlintide) was created and found
to reduce postprandial glycemic excursions in type 1 and type 2 diabetic patients taking insulin. Pramlintide injected just before a meal
slows gastric emptying and suppresses glucagon but does not alter
insulin levels. Pramlintide is approved for insulin-treated patients
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