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Glucose in Type 2 Diabetes

BY KATE JOHNSON

Montreal Bureau

affeine adversely affects glucose
metabolism in diabetic patients by
exaggerating postprandial glucose
responses, which leads to higher daytime
glucose concentrations, according to a re-

port in Diabetes Care.
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“The presence of hyperglycemic effects
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INDICATIONS AND USAGE

Novolog is indicated for the treatment of patients with diabetes mellitus, for
the control of hyperglycemia. Because NovoLog has a more rapid onset and a
shorter duration of activity than human regular insulin, NovoLog given by
injection should normally be used in regimens with an intermediate or long-
acting insulin. NovoLog may also be infused subcutaneously by external
insulin pumps. NovoLog may be administered intravenously under proper
medical supervision in a clinical setting for glycemic control. (See WARNINGS;
PRECAUTIONS [especially Usage in Pumps], Mixing of Insulins.)

CONTRAINDICATIONS

NovoLog is contraindicated during episodes of hypoglycemia and in patients
hypersensitive to NovoLog or one of its excipients.

WARNINGS

Novolog differs from regular human insulin by a more rapid onset
and a shorter duration of activity. Because of the fast onset of
action, the injection of NovoLog should immediately be followed
by a meal. Because of the short duration of action of Novolog,
patients with diabetes also require a longer-acting insulin to
maintain adequate glucose control. Glucose monitoring is

rec led for all with diab and is particularly
important for patients using external pump infusion therapy.
Hypoglycemia is the most common adverse effect of insulin
therapy, including NovoLog. As with all insulins, the timing of
hypoglycemia may differ among various insulin formulations.
Any change of insulin dose should be made cautiously and only
under medical supervision, Changes in insulin strength,
manufacturer, type (e.g., regular, NPH, analog), species (animal,
human), or method of facture (rDNA versus animal ce
insulin) may result in the need for a change in dosage.

Insulin Pumps: When used in an external insulin pump for
subcutaneous infusion, NovoLog should not be diluted or mixed
with any other insulin. Physicians and patients should carefully
evaluate information on pump use in the Novolog physician and
patient package inserts and in the pump manufacturer’s manual
(e.g., NovoLog-specific information should be followed for in-use
time, frequency of changing infusion sets, or other details specific
to Novolog usage, because NovoLog-specific information may
differ from general pump manual instructions).

Pump or infusion set malfunctions or insulin degradation can lead
to hyperglycemia and ketosis in a short time because of the small
subcutaneous depot of insulin. This is especially pertinent for
rapid-acting insulin analogs that are more rapidly absorbed
through skin and have shorter duration of action. These
differences may be particularly relevant when patients are
switched from multiple injection therapy or infusion with buffered
regular insulin. Prompt identification and correction of the cause
of hyperglycemia or ketosis is necessary. Interim therapy with
subcutaneous injection may be required. (See PRECAUTIONS,
Mixing of Insulins.)

PRECAUTIONS

General

Hypoglycemia and hypokalemia are among the potential clinical adverse
effects associated with the use of all insulins. Because of differences in the
action of NovoLog and other insulins, care should be taken in patients in
whom such potential side effects might be clinically relevant (e.g., patients
who are fasting, have autonomic neuropathy, or are using potassium-
lowering drugs or patients taking drugs sensitive to serum potassium level).
Insulin stimulates potassium movement into the cells, possibly leading to
hypokalemia that left untreated may cause respiratory paralysis, ventricular
arrhythmia, and death. Since intravenously administered insulin has a rapid
onset of action, increased attention to hypoglycemia and hypokalemia is
necessary. Therefore, glucose and potassium levels must be monitored closely
when Novolog or any other insulin is administered intravenously.
Lipodystrophy and hypersensitivity are among other potential clinical adverse
effects associated with the use of all insulins. As with all insulin preparations,
the time course of NovolLog action may vary in different individuals or at
different times in the same individual and is dependent on site of injection,
blood supply, temperature, and physical activity. Adjustment of dosage of any
insulin may be necessary if patients change their physical activity or their
usual meal plan. Insulin requirements may be altered during illness, emotional
disturbances, or other stresses.

Hypoglycemia - As with all insulin preparations, hypoglycemic reactions may
be associated with the administration of NovoLog. Rapid changes in serum
glucose levels may induce symptoms of hypoglycemia in persons with
diabetes, regardless of the glucose value. Early warning symptoms of
hypoglycemia may be different or less pronounced under certain conditions,
such as long duration of diabetes, diabetic nerve disease, use of medications
such as beta-blockers, or intensified diabetes control (see PRECAUTIONS,
Drug Interactions). Such situations may result in severe hypoglycemia (and,
possibly, loss of consciousness) prior to patients’ awareness of hypoglycemia.
Renal Impairment - As with other insulins, the dose requirements for Novolog
may be reduced in patients with renal impairment.

Hepatic impairment - As with other insulins, the dose requirements for
NovoLog may be reduced in patients with hepatic impairment.

Allergy - Local Affergy - As with other insulin therapy, patients may experience
redness, swelling, or itching at the site of injection. These minor reactions
usually resolve in a few days to a few weeks, but in some occasions, may
require discontinuation of NovoLog. In some instances, these reactions may
be related to factors other than insulin, such as irritants in a skin cleansing
agent or poor injection technique.

Systemic Allergy - Less common, but potentially more serious, is generalized
allergy to insulin, which may cause rash (including pruritus) over the whole
body, shortness of breath, wheezing, reduction in blood pressure, rapid pulse,
or sweating. Severe cases of generalized allergy, including anaphylactic
reaction, may be life threatening.

Localized reactions and generalized myalgias have been reported with the

use of cresol as an injectable excipient.

In controlled clinical trials using injection therapy, allergic reactions were

reported in 3 of 735 patients (0.4%) who received regular human insulin and

10 of 1394 patients (0.7%) who received NovoLog. During these and other

trials, 3 of 2341 patients treated with NovoLog were discontinued due to
allergic reactions.

Antibody Production - Increases in levels of anti-insulin antibodies that react
with both human insulin and insulin aspart have been observed in patients
treated with NovoLog. The number of patients treated with insulin aspart
experiencing these increases is greater than the number among those treated
with human regular insulin. Data from a 12-month controlled trial in patients
with Type 1 diabetes suggest that the increase in these antibodies is
transient. The differences in antibody levels between the human regular
insulin and insulin aspart treatment groups observed at 3 and 6 months were
no longer evident at 12 months. The clinical significance of these antibodies is
not known. They do not appear to cause deterioration in HbA1c or to
necessitate increases in insulin dose.

Pregnancy and Lactation - Female patients should be advised to tell their
physician if they intend to become, or if they become pregnant. Information is
not available on the use of NovoLog during lactation (see PREGNANCY-
TERATOGENIC EFFECTS-PREGNANCY CATEGORY).

Usage in Pumps - NovoLog is recommended for use in pump systems suitable

for insulin infusion as listed below.

Pumps: Disetronic H-TRON® series, MiniMed 500 series and other

equivalent pumps.

Reservoirs and Infusion Sets: Novolog is recommended for use in any

reservoir and infusion sets that are compatible with insulin and the specific

pump. In-vitro studies have shown that pump malfunction, loss of cresol, and
insulin degradation may occur when Novolog is maintained in a pump
system for more than 48 hours. Reservoirs and infusion sets should be
changed at least every 48 hours.

Novolog in dlinical use should not be exposed to temperatures greater than

37°C (98.6°F). NovoLog should not be mixed with other insulins or
with a diluent when it is used in the pump. (See WARNINGS;

PRECAUTIONS, Mixing of Insulins.)

Laboratory Tests

As with all insulin therapy, the therapeutic response to NovoLog should be
monitored by periodic blood glucose tests. Periodic measurement of
glycosylated hemoglobin is recommended for the monitoring of long-term
glycemic control. When Novolog is administered intravenously, glucose and
potassium levels must be closely monitored to avoid pmentiafl\y fatal
hypoglycemia and hypokalemia.

Drug Interactions

A number of substances affect glucose metabolism and may require insulin
dose adjustment and particularly close monitoring.

o The following are examples of substances that may increase the blood-
glucose-lowering effect and susceptibility to hypoglycemia: oral antidiabetic
products, ACE inhibitors, disopyramide, fibrates, fluoxetine, monoamine
oxidase (MAQ) inhibitors, propoxyphene, salicylates, somatostatin analog
(e.g., octreotide), sulfonamide antibiotics.

o The following are examples of substances that may reduce the blood-
glucose-lowering effect: corticosteroids, niacin, danazol, diuretics,
sympathomimetic agents (e.g., epinephrine, salbutamol, terbutaline),
isoniazid, phenothiazine derivatives, somatropin, thyroid hormones,
estrogens, progestogens (e.g., in oral contraceptives).

o Beta-blockers, clonidine, lithium salts, and alcohol may either potentiate or
weaken the blood-glucose-lowering effect of insulin. Pentamidine may
cause hypoglycemia, which may sometimes be followed by hyperglycemia.

* In addition, under the influence of sympatholytic medicinal products such
as beta-blockers, clonidine, guanethidine, and reserpine, the signs of
hypoglycemia may be reduced or absent.

Mixing of Insulins

o A clinical study in healthy male volunteers (n=24) demonstrated that
mixing NovoLog with NPH human insulin immediately before injection
produced some attenuation in the peak concentration of NovoLog, but
that the time to peak and the total bioavailability of NovoLog were not
significantly affected. If NovoLog is mixed with NPH human insulin,
NovoLog should be drawn into the syringe first. The injection should be
made immediately after mixing. Because there are no data on the
compatibility of NovoLog and crystalline zinc insulin preparations, NovoLog
should not be mixed with these preparations.

o The effects of mixing NovolLog with insulins of animal source or insulin
preparations produced by other manufacturers have not been studied (see
WARNINGS).

 Mixtures should not be administered intravenously.

* When used in external subcutaneous infusion pumps for insulin,
NovoLog should not be mixed with any other insulins or diluent.

Carcinogenicity, Mutagenicity, Impairment of Fertility

Standard 2-year carcinogenicity studies in animals have not been performed
to evaluate the carcinogenic potential of NovoLog. In 52-week studies,
Sprague-Dawley rats were dosed subcutaneously with NovoLog at 10, 50,
and 200 Urkg/day (approximately 2, 8, and 32 times the human
subcutaneous dose of 1.0 Urkg/day, based on U/body surface area,
respectively). At a dose of 200 U/kg/day, NovolLog increased the incidence of
mammary gland tumors in females when compared to untreated controls.
The incidence of mammary tumors for NovoLog was not significantly different
than for regular human insulin. The relevance of these findings to humans is
not known. NovoLog was not genotoxic in the following tests: Ames test,
mouse lymphoma cell forward gene mutation test, human peripheral blood
lymphocyte chromosome aberration test, in vivo micronucleus test in mice,
and in ex vivo UDS test in rat liver hepatocytes. In fertility studies in male and
female rats, at subcutaneous doses up to 200 U/kg/day (approximately

32 times the human subcutaneous dose, based on Ufbody surface area),

no direct adverse effects on male and female fertility, or general reproductive
performance of animals was observed.

Pregnancy - genic Effects - Pregnancy Category B

All pregnandies have a background risk of birth defects, loss, or other adverse
outcome regardless of drug exposure. This background risk is increased in
pregnancies complicated by hyperglycemia and may be decreased with good
metabolic controf Itis essentiaffor patients with diabetes or history of

gestational diabetes to maintain good metabolic control before conception
and throughout pregnancy. Insulin requirements may decrease during the first
trimester, generally increase during the second and third trimesters, and
rapidly decline after delivery. Careful monitoring of glucose control is essential
in such patients.

An open-label, randomized study compared the safety and efficacy of
NovoLog versus human insulin in the treatment of pregnant women with
Type 1 diabetes (322 exposed pregnancies (NovoLog: 157, human insulin:
165)). Two-thirds of the enrolled patients were already pregnant when they
entered the study. Since only one-third of the patients enrolled before
conception, the study was not large enough to evaluate the risk of congenital
malformations. Mean HbA1c of ~6% was observed in both groups during
pregnancy, and there was no significant difference in the incidence of
maternal hypoglycemia.

Subcutaneous reproduction and teratology studies have been performed with
NovoLog and regular human insulin in rats and rabbits. In these studies,
Novolog was given to female rats before mating, during mating, and
throughout pregnancy, and to rabbits during organogenesis. The effects of
NovoLog did not differ from those observed with subcutaneous regular
human insulin. NovoLog, like human insulin, caused pre- and post-
implantation losses and visceral/skeletal abnormalities in rats at a dose of
200 U/kg/day (approximately 32 times the human subcutaneous dose of

1.0 Ukg/day, based on Urbody surface area) and in rabbits at a dose of

10 Urkg/day (approximately three times the human subcutaneous dose of
1.0 Urkg/day, based on U/body surface area). The effects are probably
secondary to maternal hypoglycemia at high doses. No significant effects
were observed in rats at a dose of 50 Urkg/day and rabbits at a dose of

3 U’kg/day. These doses are approximately 8 times the human subcutaneous
dose of 1.0 Ukg/day for rats and equal to the human subcutaneous dose of
1.0 Ukg/day for rabbits, based on U/body surface area.

Nursing Mothers

It is unknown whether insulin aspart is excreted in human milk. Many drugs,
induding human insulin, are excreted in human milk. For this reason, caution
should be exercised when NovoLog is administered to a nursing mother.
Pediatric Use

A 24-week, parallel-group study of children and adolescents with Type 1
diabetes (n=283) age 6 to 18 years compared the following treatment
regimens: NovoLog (n=187) or Novolin R (n=96). NPH insulin was
administered as the basal insulin. Novolog achieved glycemic control
comparable to Novolin R, as measured by change in HbA1c. The incidence of
hypoglycemia was similar for both treatment groups. NovolLog and regular
human insulin have also been compared in children with Type 1 diabetes
(n=26) age 2 to 6 years. As measured by end-of-treatment HbA1c and
fructosamine, glycemic control with NovoLog was comparable to that
obtained with regular human insulin. As observed in the 6 to 18 year old
pediatric population, the rates of hypoglycemia were similar in both
treatment groups.

Geriatric Use

Of the total number of patients (n=1,375) treated with NovoLog in 3 human
insulin-controlled clinical studies, 2.6% (n=36) were 65 years of age or over.
Half of these patients had Type 1 diabetes (18/1285) and half had Type 2
(18/90) diabetes. The HbA1c response to NovoLog, as compared to human
insulin, did not differ by age, particularly in patients with Type 2 diabetes.
Additional studies in larger populations of patients 65 years of age or over
are needed to permit conclusions regarding the safety of Novolog in elderly
compared to younger patients. Pharmacokinetic/pharmacodynamic studies to
assess the effect of age on the onset of NovoLog action have not been
performed.

ADVERSE REACTIONS

Clinical trials comparing NovoLog with regular human insulin did not
demonstrate a difference in frequency of adverse events between the two
treatments.

Adverse events commonly associated with human insulin therapy include the
following:

Body as Whole - Affergic reactions (see PRECAUTIONS, Allergy).

Skin and Appendages - injection site reaction, fipodystrophy, pruritus, rash
(see PRECAUTIONS, Allergy, Usage in Pumps).

Other - Hypoglycemia, hyperglycemia and ketosis (see WARNINGS and
PRECAUTIONS). In controlled clinical trials, small, but persistent elevations in
alkaline phosphatase result were observed in some patients treated with
NovoLog. The clinical significance of this finding is unknown.

OVERDOSAGE

Excess insulin may cause hypoglycemia and hypokalemia, particularly during
IV administration. Hypoglycemia may occur as a result of an excess of insulin
relative to food intake, energy expenditure, or both. Mild episodes of
hypoglycemia usually can be treated with oral glucose. Adjustments in drug
dosage, meal patterns, or exercise, may be needed. More severe episodes
with coma, seizure, or neurologic impairment may be treated with
intramuscular/subcutaneous glucagon or concentrated intravenous glucose.
Sustained carbohydrate intake and observation may be necessary because
hypoglycemia may recur after apparent clinical recovery. Hypokalemia must
be corrected appropriately.

More detailed information is available on request.
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in these free-living individuals raises con-
cerns about the potential hazards of caf-
feinated beverages for patients with type
2 diabetes,” wrote James D. Lane, Ph.D.,
and colleagues from Duke University
Medical Center in Durham, N.C. (Dia-
betes Care 2008;31:1-2).

In a double-blind crossover study, the re-
searchers compared the effects of a mod-
erate dose of caffeine (500 mg/day, rough-
ly equivalent to four 8-ounce cups of
brewed coffee) with placebo on glucose
levels in 10 diabetic patients.

The patients (five men and five women,
mean age, 63 years) were all habitual cof-
fee drinkers with a mean self-reported
daily intake of 520 mg/day, based on a
conversion of beverage consumption us-
ing standard caffeine content measure-
ments.

All had at
least a 6-month
history of type
2 diabetes man-
aged by diet,
exercise, and
oral agents, but
no exogenous
insulin.

The subjects
abstained from

Analysis of the
study data
revealed that,
compared with
placebo, average
daytime glucose
levels increased

in response to tainec
) their daily cof-
caffeine (8.0 vs. fee during the

7.4 mmol/L). two  24-hour
study days, and

caffeine and placebo treatments were ad-
ministered in identical gelatin capsules on
different study days.

Ambulatory glucose concentration was
assessed with continuous glucose moni-
toring over 72 hours, with planned analy-
ses focusing on daytime glucose levels
(when caffeine was at pharmacologically
active concentrations) and postprandial
responses, noted the authors.

Subjects consumed two capsules (total
250 mg) of either caffeine or placebo at
breakfast and again at lunch. A standard-
ized breakfast was consumed, whereas
lunch and dinner were ingested “ad libi-
tum.”

Subjects recorded the times of each
meal so that postprandial glucose response
could be assessed.

The analysis revealed that, compared
with placebo, average daytime glucose
levels increased in response to caffeine
(8.0 vs. 7.4 mmol/L). Average postprandial
glucose responses were also found to be el-
evated after caffeine consumption (8.7 vs.
8.0 mmol/L after breakfast, 7.8 vs. 6.8
mmol/L after lunch, and 8.6 vs. 6.8
mmol/L after dinner).

“Caffeine exposure may have reduced
overnight glucose compared to placebo
(caffeine abstinence). This possibility will
be the subject of future studies,” wrote
the authors.“Repeated episodes of ele-
vated glucose resulting from daily con-
sumption of caffeinated beverages could
impair clinical efforts aimed at glucose
control and increase risk of diabetes com-

plications.”
The authors did not list any conflicts of
interest related to the study. [ |
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