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The following program is narrated by Jerry Meece.
Jerry Meece is owner and Director of Clinical Services of Plaza Pharmacy and Wellness Center in
Gainesville, Texas, one of the ﬁrst freestanding pharmacies in the country to achieve Provider
Educa0on Recogni0on from the American Diabetes Associa0on.
In addi0on to serving on numerous consultant and advisory boards for health care and
pharmaceu0cal companies, he has served on the Board of Directors for the American
Associa0on of Diabetes Educators and was elected to their Execu0ve Board in the posi0on of
Vice President.
Mr. Meece speaks both na0onally and interna0onally on the subject of diabetes and clinician/
pa0ent behavior in the health care seRng. He has also wriTen many ar0cles on diabetes care
and insulin use in the pa0ent with diabetes.
Mr. Meece has won many awards including the Innova0ve Prac0ce Award by the Texas
Pharmacy Associa0on, the Legisla0ve Leadership Award by the American Associa0on of
Diabetes Educators, and the Individual Educa0onal Excellence Award by the Texas Pharmacy
Associa0on.
We will now join Mr. Meece.
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AVer comple0ng this ac0vity, par0cipants should be beTer able to:
• Explain why many pa0ents with type 2 diabetes eventually require insulin therapy
• Summarize the posi0oning of insulin in major clinical prac0ce guidelines
• Describe established and recently approved insulin products
• Review safe, eﬀec0ve approaches for ini0a0ng and 0tra0ng therapy with established and recently
approved insulin products in pa0ents with type 2 diabetes
This ac0vity focuses on the management of type 2 diabetes (T2DM) in adults. It covers both established
insulin products and recently approved products, such as insulin degludec (Tresiba®) and insulin glargine
U-300 (Toujeo®).
It does not discuss the ini0a0on or 0tra0on of insulin in type 1 diabetes or administra0on using an insulin
pump.
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Insulin, a hormone produced by beta cells in the pancreas, has a wide range of physiologic eﬀects.
Its main eﬀects are to s0mulate glucose storage by the liver, enhance glucose uptake by skeletal muscle,
and suppress faTy acid release from adipose 0ssue.
The major causes of T2DM are insulin resistance and pancrea0c beta-cell dysfunc0on.

Bardsley JK, Magee MF. Pathophysiology of the metabolic disorder. In: Mensing C, ed-in-chief; Cornell S, Halstenson C, eds. The Art
and Science of Diabetes Self-Management Educa:on Desk Reference. 3rd ed. Chicago: American Associa0on of Diabetes Educators;
2014:357–380.
Stumvoll M, Goldstein BJ, van HaeVen TW. Pathogenesis of type 2 diabetes. In: Goldstein BJ, Müller-Wieland D, eds. Type 2 Diabetes
Principles and Prac:ce. 2nd ed. New York: Informa Healthcare; 2008:13–26.
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Insulin resistance is the reduced responsiveness of target cells, especially in skeletal muscle and the liver,
to the insulin concentra0ons to which they are exposed. It is oVen associated with obesity.
Manifesta0ons of insulin resistance are increased hepa0c glucose produc0on and reduced peripheral
glucose uptake.
Ini0ally, normoglycemia persists in individuals who are insulin resistant because pancrea0c beta cells
augment their insulin secre0on to oﬀset the deﬁcient responsiveness to insulin.
In pa0ents who develop T2DM, beta cells begin to fail over 0me, leading to deteriora0on in glucose
homeostasis.

Wyne KL, Mora PF. Insulin therapy in type 2 diabetes. In: Goldstein BJ, Müller-Wieland D, eds. Type 2 Diabetes Principles and
Prac:ce. 2nd ed. New York: Informa Healthcare; 2008:181–206.
Abdul-Ghani MA. Type 2 diabetes and the evolving paradigm in glucose regula0on. Am J Manag Care. 2013;19(3 Suppl):S43–S50.
Shanik MH, Xu Y, Škrha J, et al. Insulin resistance and hyperinsulinemia: is hyperinsulinemia the cart or the horse? Diabetes Care.
2008;31(Suppl 2):S262–S268.
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Laboratory studies have shown that physiologic responses to glucose administra0on are markedly
diﬀerent in persons without diabetes than in those with T2DM.
In people without diabetes, glucose-evoked insulin is secreted from pancrea0c beta cells in 2 phases. As
illustrated by the graph on the leV, individuals with normal beta-cell func0on have an immediate, intense
response to glucose administra0on that lasts for about 10 minutes. Following this ﬁrst-phase response,
they have a more moderate second-phase response that persists for 90 minutes to 2 hours.
People with T2DM experience a gradual deteriora0on of beta-cell func0on that generally begins years
before the onset of diabetes symptoms and diabetes diagnosis. As shown by the graph on the right, this
impairment of beta-cell func0on oVen results in the loss of the ﬁrst-phase response and the preserva0on
of the second-phase response to glucose administra0on.

Ward WK, Beard JC, Halter JB, et al. Pathophysiology of insulin secre0on in non-insulin-dependent diabetes mellitus. Diabetes Care.
1984;7:491–502.
Dailey G. New strategies for basal insulin treatment in type 2 diabetes mellitus. Clin Ther. 2004;26:889–901.
Virally M, Bicklé J-F, Girard J, et al. Type 2 diabetes: epidemiology, pathophysiology, unmet needs and therapeu0cal perspec0ves.
Diabetes Metab. 2007;33:231–244.
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This slide shows a key ﬁnding of the United Kingdom Prospec0ve Diabetes Study (UKPDS), in which adults
with newly diagnosed T2DM were treated with a sulfonylurea, merormin, or diet for 6 years.
UKPDS demonstrated that insulin secre0on progressively decreases in pa0ents with T2DM. Beta-cell
func0on, as measured by homeostasis model assessment (HOMA), showed a steady decline over 0me.
This decline explains why most pa0ents with T2DM eventually require insulin if they are to maintain or
achieve their glycemic targets.
Although sulfonylurea-treated par0cipants had an increase in beta-cell func0on, from 45% to 78%, during
the ﬁrst year aVer their diabetes diagnosis, their beta-cell func0on later decreased along the same slope
as that of the diet-treated group. Similarly, beta-cell func0on ini0ally increased in merormin-treated
pa0ents but declined from 66% to 38% by year 6.
The slide shows the rela0onship between beta-cell func0on and the ability of sulfonylurea treatment to
maintain glycemic targets in UKPDS par0cipants. Pa0ents with the lowest level of beta-cell func0on
(<27.1%—as depicted by the bar on the leV) had a risk of sulfonylurea failure that was 2.4 0mes higher
than that of pa0ents with the highest level of func0on (≥55.1%—as depicted by the bar on the right).

MaThews DR, Cull CA, StraTon IM, et al. UK Prospec0ve Diabetes Study (UKPDS) Group. UKPDS 26: sulphonylurea failure in noninsulin-dependent diabe0c pa0ents over six years. Diabet Med. 1998;15:297–303.
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Since diabetes is characterized by hyperglycemia, glycemic control is fundamental to diabetes
management.
Large outcome studies have shown that lowering the A1C to below or around 7% reduces the
microvascular complica0ons of diabetes, including nephropathy, re0nopathy, and neuropathy.
Lowering the A1C to near-normal levels is also associated with long-term reduc0on in macrovascular
disease, as long as interven0ons to lower the A1C are implemented soon aVer the diagnosis of T2DM.
The results of three recently completed outcome studies—ACCORD, ADVANCE, and VADT—suggest that
intensive glycemic control does not signiﬁcantly improve cardiovascular disease outcomes in pa0ents
with advanced T2DM.

American Diabetes Associa0on. Glycemic targets. Sec. 5. In: Standards of medical care in diabetes—2016. Diabetes Care.
2016;39(Suppl 1):S39–S46.
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Today, one of the most inﬂuen0al evidence-based guidelines for trea0ng pa0ents with T2DM is
“Management of hyperglycemia in type 2 diabetes: a pa0ent-centered approach.” This posi0on
statement, which was developed by the American Diabetes Associa0on (ADA) and the European
Associa0on for the Study of Diabetes (EASD), was published in 2012. An update appeared in 2015. The
statement incorporates ﬁndings of the ACCORD, ADVANCE, VADT, and earlier outcome trials.
The statement represents a marked departure from many previous guidelines on T2DM management,
which advocated a fairly uniform approach to pa0ent care.
Key messages in the 2012/2015 statement are that health care providers should:
• Individualize glycemic targets
• Avoid algorithm-based approaches, and
• Make decisions about a speciﬁc pa0ent’s glycemic targets together with the pa0ent, whenever
possible.

Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes: a pa0ent-centered approach: posi0on
statement of the American Diabetes Associa0on and the European Associa0on for the Study of Diabetes. Diabetes Care.
2012;35:1364–1379.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes, 2015: a pa0ent-centered approach:
update to a posi0on statement of the American Diabetes Associa0on and the European Associa0on for the Study of Diabetes.
Diabetes Care. 2015;38:140–149.
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The ADA’s “Standards of Medical Care in Diabetes—2016” reﬂect the emphasis on individualiza0on
embodied in the 2012/2015 ADA–EASD posi0on statement.
Rather than oﬀering “one-size-ﬁts-all” guidelines for A1C goals, the Standards include A1C
recommenda0ons for several categories of adult pa0ents. Since all glycemic goals should be
individualized, these should be considered general recommenda0ons only.
An A1C of less than 7% is appropriate for many nonpregnant adults.
A goal of less than 6.5% is appropriate for selected adults in whom a “more stringent” target is
warranted, if this can be achieved without signiﬁcant hypoglycemia or other adverse eﬀects of
treatment. A goal of less than 8% is appropriate for selected individuals in whom a “less stringent” target
is desirable. Considera0ons for determining the advisability of adop0ng a “more stringent” or “less
stringent” goal are shown on the next slide.
The general target for pregnant women is 6 to 6.5%, but a target of less than 6% may be op0mal if this
can be achieved without signiﬁcant hypoglycemia. Most pa0ents under the age of 18 years with type 1
diabetes should have an A1C of less than 7.5%, although targets must be individualized.

American Diabetes Associa0on. Glycemic targets. Sec. 5. In: Standards of medical care in diabetes—2016. Diabetes Care.
2016;39(Suppl 1):S39–S46.
American Diabetes Associa0on. Management of diabetes in pregnancy. Sec. 12. In: Standards of medical care in diabetes—2016.
Diabetes Care. 2016;39(Suppl 1):S94–S98.
American Diabetes Associa0on. Children and adolescents. Sec. 11. In: Standards of medical care in diabetes—2016. Diabetes Care.
2016;39(Suppl 1):S86–S93.
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As we have men0oned, an A1C goal of less than 7% is no longer considered appropriate for all pa0ents.
This slide shows the individualized or scaled approach to A1C targets—either more stringent (on the leV)
or less stringent (on the right)—currently advocated by the ADA. Some pa0ent characteris0cs suggest
that an A1C target below 7% (or even below 6.5%) should be considered. These are a low level of risk
associated with hypoglycemia and other poten0al adverse eﬀects of glucose-lowering therapy; a recent
diabetes diagnosis; long life expectancy; absence of important comorbidi0es and established vascular
complica0ons; being highly mo0vated and adherent, and having strong self-care capabili0es; ready
availability of personal, medical, and economic resources; and having a strong support system.
Other characteris0cs suggest that an A1C target of 7% or even higher is more appropriate. These are a
high level of risk associated with hypoglycemia and other adverse eﬀects; long-standing diabetes; short
life expectancy; presence of important comorbidi0es and established vascular complica0ons; having less
mo0va0on, being nonadherent, and having limited self-care capabili0es; limited availability of resources;
and having a weak support system.
Regardless of the presence or absence of these characteris0cs, decisions about the intensity of glucoselowering therapy should reﬂect the desires and values of the pa0ent, since aTaining any degree of
glucose control requires the pa0ent’s ac0ve par0cipa0on and commitment.

Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes, 2015: a pa0ent-centered approach:
update to a posi0on statement of the American Diabetes Associa0on and the European Associa0on for the Study of Diabetes.
Diabetes Care. 2015;38:140–149.
American Diabetes Associa0on. Glycemic targets. Sec. 5. In: Standards of medical care in diabetes—2016. Diabetes Care.
2016;39(Suppl 1):S39–S46.
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The 2012/2015 ADA–EASD posi0on statement does not contain an algorithm for glucose-lowering
therapies for individuals with T2DM, but it does include some general recommenda0ons. These
recommenda0ons are depicted on the slide. Lifestyle therapy is the ini0al and ongoing approach to
glucose lowering. It consists of healthy ea0ng, weight control, increased physical ac0vity, and diabetes
educa0on.
Recommenda0ons for glucose-lowering drug therapy are grouped into 4 0ers. Tier 1 is for merormin
monotherapy, since merormin is the ini0al glucose-lowering agent for most pa0ents without
contraindica0ons. The second is for 2-drug combina0ons, the third is for 3-drug combina0ons, and the
fourth is for merormin plus combina0on injectable therapy.
In 0ers 2 and 3, the order of the treatment op0ons is determined by year of class introduc0on and route
of administra0on and does not denote any speciﬁc preference for one agent over another. The usual
transi0on to a new therapy is ver0cal, from top to boTom, but horizontal movement within therapy
stages is also possible, depending on the situa0on.
The ﬁgure depicts drugs commonly used in both the US and Europe. However, megli0nides may be used
in place of SUs. Other drugs not shown, including the α-glucosidase inhibitors, colesevelam,
bromocrip0ne, and pramlin0de, may be used in selected pa0ents, but have modest eﬃcacy and/or
problema0c side eﬀects.
Note that basal insulin is both a 0er-2 and 0er-3 op0on, and that insulin is the core component of 0er-4
therapy. Throughout the rest of this ac0vity, we will focus on the use of insulin to manage T2DM in
adults.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes, 2015: a pa0ent-centered approach:
update to a posi0on statement of the American Diabetes Associa0on and the European Associa0on for the Study of Diabetes.
Diabetes Care. 2015;38:140–149.
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This is the 2016 AACE–ACE glycemic control algorithm. Again, it begins with lifestyle therapy, including
medically assisted weight loss.
With regard to glucose-lowering drugs, an important diﬀerence from the 2012/2015 ADA‒EASD
statement is that agents are listed in a suggested hierarchy of use.
Glucose-lowering drugs are divided into two major categories: those that have few adverse eﬀects or
provide possible beneﬁts, such as weight loss, and those that should be used with cau0on because of
possible safety issues. The more clearly beneﬁcial agents are indicated with a check mark (!), while
poten0ally problema0c agents are iden0ﬁed with a cau0on symbol (!).
Note that basal insulin is a dual- and triple-therapy op0on. Ini0a0on or intensiﬁca0on of insulin therapy
is also recommended for pa0ents who are not at goal aVer 3 months of triple therapy. Insulin is
posi0oned as ﬁrst-line drug therapy for pa0ents whose ini0al A1C is greater than 9.0%.
The Proﬁles of An0diabe0c Medica0ons chart that accompanies the algorithm indicates that insulin is
associated with a moderate to severe risk of hypoglycemia and with an increased risk of hypoglycemia in
pa0ents with renal impairment. It is also associated with weight gain. Insulin is considered neutral with
respect to gastrointes0nal symptoms, cardiovascular disorders, and eﬀects on bone density.

Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus statement by the American Associa0on of Clinical Endocrinologists and the
American College of Endocrinology on the Comprehensive Type 2 Diabetes Management Algorithm – 2016 Execu0ve Summary.
Endocr Pract. 2016;22:84–113.
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Most pa0ents with T2DM eventually need insulin to maintain glycemic control. Today, thanks to
increasing use of therapies that are protec0ve against premature cardiovascular death, an increasing
propor0on of adults with T2DM require insulin.
When used in suﬃcient doses, insulin can decrease any level of elevated A1C to, or close to, the
therapeu0c goal.
Insulin therapy has many addi0onal beneﬁts. It addresses the two core deﬁcits associated with T2DM by
improving pancrea0c beta-cell func0on and increasing hepa0c and skeletal muscle insulin sensi0vity. It
lowers free faTy acids levels, reducing lipotoxicity.
Insulin also has beneﬁcial eﬀects on the cardiovascular system. It increases high-density lipoprotein
cholesterol (HDL-C) levels and decreases low-density lipoprotein cholesterol (LDL-C) levels. It also
reverses endothelial dysfunc0on. Its powerful anabolic eﬀects include promo0on of wound healing.
The two major adverse eﬀects of insulin therapy are hypoglycemia and weight gain. However, pa0ents
can learn eﬀec0ve strategies for reducing the risk of developing hypoglycemia and minimizing insulinrelated weight gain.

Home P, Riddle M, Cefalu WT, et al. Insulin therapy in people with type 2 diabetes: opportuni0es and challenges? Diabetes Care.
2014;37:1499–1508.
Bolli GB, Lucidi P, Porcella0 F, et al. Pivotal role of 0mely basal insulin replacement aVer merormin failure in sustaining long-term
blood glucose control at a target in type 2 diabetes. Diabetes Care. 2011;34(Suppl 2):S220–S224.
American Diabetes Associa0on. Approaches to glycemic treatment. Sec. 7. In: Standards of Medical Care in Diabetes—2016.
Diabetes Care. 2016;39(Suppl 1):S52–S59.
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In this sec0on we will be focus on established insulin products that were approved before 2015. New
products are covered in greater depth later in this ac0vity.
With the excep0on of rapid-ac0ng inhaled insulin, these products are injected. Other important
proper0es of insulin products are their onset of ac0on, peak, and dura0on of ac0on. The strength
(concentra0on) is another important property of injected insulins. When designing an eﬀec0ve and safe
insulin regimen for an individual pa0ent, these proper0es need to be considered.
As shown on this slide, onset of ac0on ranges from 12 to 15 minutes for rapid-ac0ng inhaled insulin to
1.5 to 4 hours for intermediate-ac0ng (NPH) insulin. Peak concentra0ons of the diﬀerent prepara0ons
range from 30 minutes to 3 hours for rapid-ac0ng insulin analogs to 4 to 12 hours for NPH insulin. The
long-ac0ng insulin analogs have minimal peaks.
The dura0on of ac0on of the various products ranges from approximately 2.5 hours for rapid-ac0ng
inhaled insulin to up to 24 hours for NPH insulin and the long-ac0ng insulin analogs. However, the usual
clinical relevance of NPH insulin can be less than 24 hours, necessita0ng twice-daily dosing. Pa0ents’
individual responses to the long-ac0ng insulin analogs may require twice-daily dosing.
Except for U-500 insulin, all established injectable insulin prepara0ons have a strength of U-100. U-100
insulins contain 100 units of insulin per milliliter of liquid, whereas U-500 insulin contains 500 units of
insulin per milliliter of liquid.
Keep in mind that the 0me course of ac0on of any insulin may vary considerably among individuals or at
diﬀerent 0mes within the same individual. Also note that some publica0ons report values for onset of
ac0on, peak, and dura0on of ac0on that are slightly diﬀerent from the ones reported here.
Joslin Diabetes Center & Joslin Clinic. Clinical guidelines for pharmacological management of adults with type 2 diabetes.
September 12, 2014. Available at: hTp://www.joslin.org/docs/09_12_2014_Pharma_Guideline_emb_ﬁnal.pdf. Accessed May 3,
2016.
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Injected prandial (also known as meal0me) insulins include rapid-ac0ng insulin analogs and short-ac0ng
insulin. Because they are used to manage the BG increases associated with meals, they are used as
components of mul0ple daily injec0on regimens, which mimic normal changes in insulin levels
throughout the day.
Rapid-ac0ng insulin analogs, which have an onset of ac0on of 10 to 30 minutes, produce best results
when injected no more than 15 minutes before the start of a meal. Short-ac0ng insulin, which has an
onset of ac0on of 30 to 60 minutes, is injected about 30 minutes before a meal. According to the
2012/2015 ADA–EASD posi0on statement, rapid-ac0ng insulin analogs provide beTer postprandial BG
control than short-ac0ng insulins.
The currently available rapid-ac0ng insulin analogs are:
• NovoLog® – insulin aspart (rDNA origin) injec0on
• Apidra® – insulin glulisine (rDNA origin) injec0on
• Humalog® – insulin lispro injec0on, USP (rDNA origin)
The currently available short-ac0ng insulins are:
• Humulin® R – regular insulin human injec0on, USP (rDNA origin)
• Novolin® R – regular human insulin injec0on (rDNA origin) USP

Beaser RS, Bonsignore PJ. Using insulin to treat diabetes: general principles. In: Beaser RS and the Staﬀ of Joslin Diabetes Center.
Joslin’s Diabetes Deskbook: a Guide for Primary Care Providers. 3rd ed. Boston: Joslin Diabetes Center; 2014;315–348.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes: a pa0ent-centered approach: posi0on
statement of the American Diabetes Associa0on (ADA) and the European Associa0on for the Study of Diabetes (EASD). Diabetes
Care. 2012;35:1364–1379.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes, 2015: a pa0ent-centered approach:
update to a posi0on statement of the American Diabetes Associa0on and the European Associa0on for the Study of Diabetes.
Diabetes Care. 2015;38:140–149.

18

U-500 regular (U-500R) human insulin is the most highly concentrated insulin product available. It is
indicated for pa0ents requiring more than 200 units of insulin per day.
Because of increased rates of obesity and severe insulin resistance in pa0ents with T2DM, U-500R insulin
is increasingly used. For example, U-500R insulin use rose by 97% between August 2008 and September
2010.
With U-500R insulin, as with other insulin products, the 0me course of ac0on may vary considerably in
diﬀerent individuals or at diﬀerent 0mes in the same individual. However, it oVen has 0me–ac0on
characteris0cs reﬂec0ng both prandial and basal ac0vity. Therefore, U-500R insulin is generally
administered 2 or 3 0mes a day, without basal insulin. It should be taken approximately 30 minutes
before a meal.
Currently, Humulin® R U-500 is the only commercially available formula0on of U-500R insulin.

Humulin® R U-500 (insulin human injec0on), for subcutaneous use. Prescribing informa0on. Indianapolis: Eli Lilly and Company;
March 2016.
de la Peña A, Riddle M, Morrow LA, et al. Pharmacokine0cs and pharmacodynamics of high-dose human regular U-500 insulin
versus human regular U-100 insulin in healthy obese subjects. Diabetes Care. 2011;34:2496–2501.
de la Peña A, Ma X, Reddy S, et al. Applica0on of PK/PD modeling and simula0on to dosing regimen op0miza0on of high-dose
human regular U-500 insulin. J Diabetes Sci Technol 2014;8:821–829.
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U-500R insulin eﬀec0vely reduces A1C in pa0ents with severe insulin resistance. In this popula0on,
U-500R insulin treatment is also associated with lower pharmacy costs and greater treatment adherence
than U-100 insulin.
To address knowledge gaps about op0mal U-500R regimens, Hood and colleagues recently conducted a
24-week, randomized, open-label, parallel-group, 0tra0on-to-target clinical trial. The study included
pa0ents who were taking 201 to 600 units per day of U-100 insulin, had A1C values ranging from 7.5% to
12%, and had a BMI ≥25 kg/m2. Pa0ents were randomized to receive U-500R insulin twice daily (BID) or 3
0mes daily (TID), 0tra0ng their doses on the basis of plasma-equivalent glucose values. Mean baseline
values for the 325 par0cipants were a daily U-100 dose of 287.5 units, an A1C of 8.7%, and a BMI of 41.9
kg/m2.
The graph on the leV shows that the mean A1C change from baseline at 24 weeks was similar in the two
groups: –1.22% in the BID group and –1.12% in the TID group. As shown on the right, the incidence of
documented symptoma0c hypoglycemia (≤70 mg/dL) was higher in the TID group, whereas the incidence
of nocturnal hypoglycemia (≤70 mg/dL) was higher in the BID group. The incidence of documented
symptoma0c hypoglycemia (<50 mg/dL), nocturnal hypoglycemia (<50 mg/dL), asymptoma0c
hypoglycemia (≤70 mg/dL and <50 mg/dL), severe hypoglycemia, serious adverse events, and treatmentemergent adverse events was similar with BID and TID dosing. The inves0gators concluded that both
U-500R regimens are eﬀec0ve and safe for use in this challenging pa0ent popula0on.
Dis0ller LA, Nortje H, Wellmann H, et al. Treatment of the obese type 2 diabetes pa0ent with severe insulin resistance: a 24-week,
prospec0ve, randomized, open-label, treat-to-target study: a pilot study to compare the eﬃcacy of U-500 regular insulin plus
merormin with U-500 regular insulin, merormin, and exena0de. Endocr Pract. 2014;20:1143–1150.
Eby EL, Zagar AJ, Wang P, et al. Healthcare costs and adherence associated with human regular U-500 versus high-dose U-100
insulin in pa0ents with diabetes. Endocr Pract. 2014;20:663–670.
Hood RC, Arakaki RF, Wysham C, et al. Two treatment approaches for human regular U-500 insulin in pa0ents with type 2 diabetes
not achieving adequate glycemic control on high-dose U-100 insulin therapy with or without oral agents: a randomized, 0tra0on-totarget clinical trial. Endocr Pract. 2015;21:782–793.
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When accurately dosed, U-500R insulin is safe and well tolerated, with an adverse-eﬀect proﬁle that is similar to that
of U-100 insulin. However, the Ins0tute for Safe Medica0on Prac0ces (ISMP) reported in 2014 that the incidence of
severe, poten0ally life-threatening U-500R insulin overdoses is increasing as the product becomes more widely
used. Un0l April 2016, U-500R insulin was available only in a 20-mL vial, which holds 10,000 units of insulin. The
greatest obstacle to safe administra0on when using a vial is the absence of a product-speciﬁc insulin syringe,
necessita0ng injec0on with a U-100 insulin syringe or a tuberculin (volumetric) syringe.
To reduce the risk of dosing errors, health care providers must cau0on their pa0ents that U-500R and U-100 insulin
should not be interchanged. They also need to explain that a conversion step is required when administering U-500R
insulin with a U-100 insulin syringe or tuberculin syringe. If a U-100 insulin syringe is used, it is extremely important
to explain the amount of U-500R insulin to be administered, in both units of insulin and in “unit markings” on the
syringe. If a tuberculin (volumetric) syringe is used, the amount of U-500R insulin should be explained in both units of
insulin and volume markings (mL) on the syringe. Consider the example of a pa0ent who is prescribed a 100-unit
dose of U-500 insulin. If she is using a U-100 insulin syringe, she would divide the prescribed dose by 5 and draw up
the insulin to the 20-unit mark on the syringe. If she is using a tuberculin syringe, she would divide the prescribed
dose by 500 and draw up the insulin to the 0.2 mL mark on the syringe.
Many experts believe that using a tuberculin syringe is the preferable approach, but tuberculin syringes are
infrequently used in rou0ne clinical prac0ce because they are not as widely available as U-100 syringes, some
insurance plans do not cover them, and the smallest-gauge tuberculin syringe needle is 28G.
In-use (opened) U-500R vials may be stored at room temperature or in a refrigerator. Whichever way it is stored, the
vial must be discarded aVer 40 days, even if it s0ll contains some insulin.
Humulin® R U-500 (insulin human injec0on), for subcutaneous use. Prescribing informa0on. Indianapolis: Eli Lilly and Company; March 2016.
Cohen MR, Smetzer JL. ISMP medica0on error report analysis: U-500 insulin safety concerns mount; improved labeling needed for camphor product;
Cardizem–Cardene mix-up; ini0a0ve to eliminate tubing misconnec0ons. Hosp Pharm. 2014;49:117–120.
Cochran EK, Valen0ne V, Samaan KH, et al. Prac0ce 0ps and tools for the successful use of U-500 regular human insulin: the diabetes educator is key.
Diabetes Educ. 2014;40:153–165.
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The ﬁrst pen device for administering U-500R insulin became available in April 2016. The Humulin® R
U-500 KwikPen® is a preﬁlled, disposable insulin pen. It is aqua, with a white label. “U-500” is indicated
prominently in dark green leTers on the label. The pen is the same size as other KwikPen® devices.
The table shows major features of the Humulin® R U-500 KwikPen®. It has a volume of 3 mL and holds
1500 units of insulin. Doses can be dialed in 5-unit increments, and the maximum insulin dose per
injec0on is 300 units. Pens are available in packages of 2 or 5, and packages contain a total of 3000 or
7500 units of insulin.
Pa0ents must be cau0oned not to perform dose conversion when using the Humulin® R U-500 KwikPen®.
The dose window of the pen shows the number of units to be injected, and no dose conversion is
required.
Not-in-use (unopened) pens should be stored in a refrigerator. If this is not possible, they can be kept at
room temperature for up to 28 days. An in-use (opened) pen should always be kept at room
temperature. The pen must be discarded aVer 28 days, even if it s0ll contains some insulin.
U-500R insulin should not be administered intravenously or intramuscularly, diluted or mixed with any
other insulin products or solu0ons, or used in an insulin pump.

Humulin® R U-500 (insulin human injec0on), for subcutaneous use. Prescribing informa0on. Indianapolis: Eli Lilly and Company;
March 2016.
Humulin® R website. Humulin® R U-500 KwikPen®. Available at: hTp://www.humulin.com/hcp-home.aspx. Accessed May 4, 2016.
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Intermediate-ac0ng (NPH) insulin and long-ac0ng insulin analogs are used to mimic the ac0on of endogenous basal
insulin (that is, basal insulin produced by the body). NPH insulin and long-ac0ng insulin analogs lower blood glucose
between meals and overnight and are usually given once or twice daily.
The currently available intermediate-ac0ng insulins are:
• Humulin® N – NPH human insulin (rDNA origin) isophane suspension
• Novolin® N – NPH human insulin isophane suspension (rDNA origin)
The currently available long-ac0ng insulin analogs are:
• Levemir® – insulin detemir (rDNA origin) injec0on
• Lantus® – insulin glargine (rDNA origin) injec0on
Insulin detemir and NPH insulin are Pregnancy Category B products, meaning that there is no evidence that they are
associated with fetal risk. Insulin glargine is a Category C product, meaning that it should be used during pregnancy
only if the poten0al beneﬁt jus0ﬁes the poten0al risk to the fetus. In nonpregnant pa0ents, use of NPH as a basal
insulin has been largely superseded by insulin detemir and insulin glargine. These long-ac0ng insulin analogs provide
a rela0vely peakless proﬁle for up to 24 hours and yield beTer reproducibility and consistency, both between
pa0ents and within pa0ents. They are associated with a corresponding reduc0on in the risk of hypoglycemia,
especially nocturnal hypoglycemia. NPH insulin is oVen prescribed for pa0ents without prescrip0on drug beneﬁts,
since it is less expensive than long-ac0ng insulin analogs. It is par0cularly inexpensive when purchased at a discount
pharmacy. Unlike insulin detemir and insulin glargine, NPH insulin is a suspension. To assure complete resuspension,
the vial or pen should be rolled in the hands at least 20 0mes before administra0on.
Beaser RS, Bonsignore PJ. Using insulin to treat diabetes: general principles. In: Beaser RS and the Staﬀ of Joslin Diabetes Center. Joslin’s Diabetes
Deskbook: a Guide for Primary Care Providers. 3rd ed. Boston: Joslin Diabetes Center; 2014;315–348.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes: a pa0ent-centered approach: posi0on statement of the
American Diabetes Associa0on (ADA) and the European Associa0on for the Study of Diabetes (EASD). Diabetes Care. 2012;35:1364–1379.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes, 2015: a pa0ent-centered approach: update to a posi0on
statement of the American Diabetes Associa0on and the European Associa0on for the Study of Diabetes. Diabetes Care. 2015;38:140–149.

23

Premixed insulin and insulin analogs were developed for pa0ent convenience and are designed to
approximate the proﬁle of physiologic insulin. Premixed insulin formula0ons combine short-ac0ng insulin
with intermediate-ac0ng insulin. Premixed insulin analog formula0ons combine a rapid-ac0ng insulin
analog with protamine, a small, arginine-rich nuclear protein that delays the onset and prolongs the
dura0on of insulin ac0on. Because all premixed formula0ons are suspensions, they require thorough
mixing to ensure consistent absorp0on. Despite their convenience, premixed products provide less
ﬂexibility than other insulin products.
The currently available premixed insulin analog formula0ons are:
• Humalog® Mix50/50™ – 50% insulin lispro protamine suspension and 50% insulin lispro injec0on
(rDNA origin)
• Humalog® Mix75/25™ – 75% insulin lispro protamine suspension and 25% insulin lispro injec0on
(rDNA origin)
• NovoLog® Mix 70/30 – 70% insulin aspart protamine suspension and 30% insulin aspart injec0on
(rDNA origin)
The currently available premixed insulin formula0ons are:
• Humulin® 70/30 – 70% human insulin isophane suspension and 30% regular human insulin injec0on
(rDNA origin)
• Novolin® 70/30 – 70% NPH, human insulin isophane suspension and 30% regular, human insulin
injec0on (rDNA origin)
In the absence of ﬁnancial constraints, premixed insulin analogs are preferred to premixed regular
insulins.
Beaser RS, Bonsignore PJ. Using insulin to treat diabetes: general principles. In: Beaser RS and the Staﬀ of Joslin Diabetes Center.
Joslin’s Diabetes Deskbook: a Guide for Primary Care Providers. 3rd ed. Boston: Joslin Diabetes Center; 2014;315–348.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes: a pa0ent-centered approach: posi0on
statement of the American Diabetes Associa0on (ADA) and the European Associa0on for the Study of Diabetes (EASD). Diabetes
Care. 2012;35:1364–1379.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes, 2015: a pa0ent-centered approach:
update to a posi0on statement of the American Diabetes Associa0on and the European Associa0on for the Study of Diabetes.
Diabetes Care. 2015;38:140–149.
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Whichever product is used, proper storage is essen0al to ensure that insulin remains eﬀec0ve
and safe.
Because insulin storage recommenda0ons vary from product to product, health care providers
should advise their pa0ents to follow manufacturers’ recommenda0ons. This slide shows some
general guidelines for storing insulin vials, cartridges, and pens.
Not-in-use (unopened) product should be stored in a refrigerator, at 36 to 46°F, and can be used
un0l the expira0on date. Insulin must never be stored in the freezer or directly adjacent to the
refrigerator’s cooling element.
Since injec0ng cold insulin is uncomfortable, opened insulin should generally be kept at room
temperature. Temperature extremes (less than 36 or more than 86°F) must be avoided.
Exposing the product to direct sunlight or heat sources should also be avoided.
It is important to follow manufacturers’ recommenda0ons about how long opened product can
be used. Times range from product to product, and a pa0ent taking more than one type of
insulin may need to keep track of diﬀerent 0mes for discarding unused insulin.
Providers should ensure that their pa0ents know the normal appearance of the insulin(s) they
are taking. NPH and premixed insulins should be cloudy aVer they have been rolled several
0mes in the palm of the hand. Other types should be clear and colorless. Insulin should be
discarded if normally clear insulin becomes cloudy or discolored, normally cloudy insulin
contains crystals that do not dissolve with rolling, the product has been stored improperly, or
there is a ques0on about potency.
Beaser RS, Bonsignore PJ. Using insulin to treat diabetes: general principles. In: Beaser RS and the Staﬀ of Joslin Diabetes Center.
Joslin’s Diabetes Deskbook: a Guide for Primary Care Providers. 3rd ed. Boston: Joslin Diabetes Center; 2014;315–348.
American Diabetes Associa0on. Prac:cal Insulin: a Handbook for Prescribing Providers. 3rd ed. Alexandria, VA: American Diabetes
Associa0on; 2011.
Drugs.com. Medica0ons for diabetes, type 2. Available at: hTp://www.drugs.com/condi0on/diabetes-mellitus-type-ii.html.
Accessed May 3, 2016.
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As just men0oned, opened (in-use) insulin should be kept at controlled room temperature. The table
shows manufacturers’ recommenda0ons for how long established injectable insulin products can be used
once they have been opened. Dura0ons range from 10 to 42 days. Note that, with some products,
opened insulin has a shorter product life in a pen than in a vial.

Full cita0ons for the references on this slide are provided in the Reference List that accompanies this
ac0vity.
NovoLog® (insulin aspart). Prescribing informa0on. 2015.
Apidra® (insulin glulisine). Prescribing informa0on. 2015.
Humalog® (insulin lispro). Prescribing informa0on. 2015.
Humulin® R U-100. Prescribing informa0on. 2015.
Novolin® R. Prescribing informa0on. 2016.
Humulin® R U-500. Prescribing Informa0on. 2016.
Humulin® N. Prescribing informa0on. 2015.
Novolin® N. Pa0ent package insert. 2016.
Levemir® (insulin detemir). Prescribing informa0on. 2015.
Lantus® (insulin glargine U-100). Prescribing informa0on. 2015.
Humalog® Mix50/50™. Prescribing informa0on. 2015.
Humalog® Mix75/25™. Prescribing informa0on. 2015.
Novolog® Mix 70/30. Prescribing informa0on. 2015.
Humulin® 70/30. Prescribing informa0on. 2015.
Novolin® 70/30. Pa0ent package insert. 2016.
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Providing complete informa0on about insulin administra0on is beyond the scope of this ac0vity, but this
slide shows some general recommenda0ons to promote insulin administra0on safety.
Health care providers should give their pa0ents the following guidance about insulin administra0on:
• Never share an insulin syringe, cartridge, pen, or needle with another pa0ent.
• Wash your hands with soap and water before beginning the administra0on process.
• Always check insulin labels before injec0on to avoid mix-ups between insulin products.
• Always use a new needle for each injec0on to help ensure sterility and prevent blocked needles.
• Do not transfer insulin from an insulin pen to a syringe for administra0on, as overdosage and severe
hypoglycemia may result.
• Rotate the injec0on site from one injec0on to the next to reduce the risk of lipodystrophy.
• Dispose of sharps and other materials in accordance with local or state laws.
• Follow addi0onal safety instruc0ons for the speciﬁc type of insulin and delivery device being used.

Humalog® (insulin lispro injec0on, solu0on) and Humalog® KwikPen® (insulin lispro injec0on, solu0on). Prescribing informa0on.
Indianapolis, IN: Eli Lilly and Company; Nov. 2015.
Humulin® R U-500 (insulin human injec0on), for subcutaneous use. Prescribing informa0on. Indianapolis: Eli Lilly and Company;
March 2016.
Ryzodeg® 70/30 (insulin degludec and insulin aspart injec0on), for subcutaneous use. Prescribing informa0on. Plainsboro, NJ: Novo
Nordisk Inc.; Sept. 2015.
Toujeo® (insulin glargine injec0on) U-300, for subcutaneous use. Prescribing informa0on. Bridgewater, NJ: sanoﬁ-aven0s U.S. LLC;
Sept. 2015.
Tresiba® (insulin degludec injec0on). Prescribing informa0on. Plainsboro, NJ: Novo Nordisk Inc.; Sept. 2015.
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Rapid-ac0ng inhaled insulin was developed by MannKind Corpora0on and was approved by the U.S. Food
and Drug Administra0on (FDA) in June 2014. It is marketed under the brand name Afrezza®, but is also
referred to as Technosphere® insulin.
Although MannKind had ini0ally partnered with Sanoﬁ-Aven0s to market its rapid-ac0ng inhaled insulin
product, Sanoﬁ ended its commercial agreement with MannKind in January 2016 because of
disappoin0ng sales. As of May 2016, MannKind was reworking its commercial strategy for the product.
This form of rapid-ac0ng inhaled insulin diﬀers substan0ally from an older product, marketed under the
brand name Exubera®, which was approved in 2006 and discon0nued, aVer disappoin0ng sales, in 2007.
Rapid-ac0ng inhaled insulin is indicated for use in adults with diabetes, and has been studied in pa0ents
with type 1 and type 2 diabetes. It is contraindicated during episodes of hypoglycemia, in pa0ents with
chronic lung disease (such as asthma or chronic obstruc0ve pulmonary disease), and in those who are
sensi0ve to regular human insulin or to one of the product’s excipients.
The label includes a boxed warning concerning the risk of acute bronchospasm in pa0ents with chronic
lung disease.
This product is not intended for use by people who currently smoke or have recently stopped smoking.

Afrezza® (insulin human) inhala0on powder. Prescribing informa0on. Danbury, CT: MannKind Corpora0on; January 2016.
Lee J. MannKind reworks commercial strategy for Afrezza. Medical Marke:ng & Media. April 6, 2016. Available at: hTp://
www.mmm-online.com/commercial/mannkind-reworks-commercial-strategy-for-afrezza/ar0cle/487894/. Accessed April 8, 2016.
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Rapid-ac0ng inhaled insulin is an eﬀec0ve alterna0ve to injected prandial insulin for many adults with
T2DM. Because of its rapid onset of ac0on, it should be administered at the beginning of or up to 15
minutes before a meal.
Rapid-ac0ng inhaled insulin consists of inhala0on powder delivered aVer inser0ng a disposable cartridge
into a small, discreet inhaler about the size of a referee’s whistle (shown on the previous slide). Rapidac0ng inhaled insulin is available in 4-, 8-, and 12-unit cartridges. The en0re contents of the cartridge
should be inhaled. For doses exceeding 12 units, inhala0on from mul0ple cartridges is necessary.
Because of the way the product is packaged, dose adjustment may be needed when switching from
another insulin. For example, a pa0ent who had been taking 5 to 8 units of an injected prandial insulin
would use the en0re contents of an 8-unit cartridge aVer switching to rapid-ac0ng inhaled insulin. A
pa0ent who had been taking 15 units of injected insulin would use an en0re 12-unit cartridge plus an
en0re 4-unit cartridge.
Rapid-ac0ng inhaled insulin comes in a foil package that holds a total of 30 cartridges, mounted on 2
cards. Each card holds 5 blister strips containing 3 cartridges each. Under refrigera0on, a sealed foil
package can be stored un0l the expira0on date, and unopened cards and blister strips can be stored for 1
month. At room temperature, unopened cards and strips must be used within 10 days and opened strips
must be used within 3 days.

Afrezza® (insulin human) inhala0on powder. Prescribing informa0on. Danbury, CT: MannKind Corpora0on; January 2016.
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Although “real-world” clinical experience with rapid-ac0ng inhaled insulin is limited, available data
suggest that the product is safe and well tolerated in pa0ents without contraindica0ons.
In clinical trials, the most common adverse event was cough, which was reported in 25.6% of pa0ents in
the rapid-ac0ng inhaled insulin group, 19.7% of those in the placebo group, and 5.4% of those in the
nonplacebo comparator group.
A signiﬁcant concern is that rapid-ac0ng inhaled insulin causes a modest decline in lung func0on. In
clinical trials, as measured by forced expiratory volume in 1 second (FEV1), lung func0on declined by a
mean of 40 mL within the ﬁrst 3 months of star0ng treatment and then remained stable for the rest of
the study period. Since pa0ents were assessed for a maximum of 2 years, it is not yet known whether
addi0onal func0onal decline might occur with longer-term use.
Because of the likelihood of a decline in lung func0on, asymptoma0c pa0ents should have their
pulmonary func0on assessed by spirometry or another method at baseline, aVer the ﬁrst 6 months of
therapy, and then annually.
Treatment discon0nua0on should be considered for pa0ents who have a decline in pulmonary func0on
of 20% or more from baseline. More frequent pulmonary func0on monitoring should be considered in
pa0ents who experience symptoms such as wheezing, bronchospasm, breathing diﬃcul0es, or persistent
or recurring cough. Treatment should be discon0nued if symptoms persist.
Although pa0ents receiving long-term treatment with rapid-ac0ng inhaled insulin are being monitored
for lung cancer, no available evidence suggests a link between taking inhaled insulin and developing lung
cancer.

Afrezza® (insulin human) inhala0on powder. Prescribing informa0on. Danbury, CT: MannKind Corpora0on; January 2016.
Setji TL, Hong BD, Feinglos MN, et al. Technosphere insulin: inhaled prandial insulin. Expert Opin Biol Ther. 2016;16:111–117.
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When working with a candidate for insulin therapy, it is important for the diabetes educator to assess the
individual’s understanding of and readiness for treatment with insulin. Factors that may hinder the
transi0on to insulin are fears (such as fear of hypoglycemia) and misunderstandings (such as the idea that
needing insulin is the result of inadequate self-management). Factors that may help the transi0on
process are having an extensive support system and being referred to a diabetes educator for diabetes
self-management educa0on and support (DSME/S).
According to the 2015 Joint Posi0on Statement of the ADA, American Associa0on of Diabetes Educators
(AADE), and the Academy of Nutri0on and Diete0cs (AND), star0ng a new medica0on, such as insulin, is
one of the 0mes when the primary care provider or specialist should consider referring a pa0ent for
DSME/S.
Among the topics to address during educa0on sessions with a pa0ent who is ini0a0ng insulin are how to
administer it, when and how to 0trate it, BG goals, side eﬀects, preven0ng and trea0ng hypoglycemia,
meal planning adjustments, preven0ng weight gain, insulin storage and disposal, and frequency of
follow-up with the educator.

Dang DK. Taking medica0on. In: Mensing C, ed-in-chief; Cornell S, Halstenson C, eds. The Art and Science of Diabetes SelfManagement Educa:on Desk Reference. 3rd ed. Chicago: American Associa0on of Diabetes Educators; 2014:175–196.
Powers MA, Bardsley J, Cypress M, et al. Diabetes self-management educa0on and support in type 2 diabetes: a joint posi0on
statement of the American Diabetes Associa0on, the American Associa0on of Diabetes Educators, and the Academy of Nutri0on
and Diete0cs. Diabetes Educ. 2015;41:417–430.
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This diagram depicts the ADA’s approach to star0ng and adjus0ng insulin in T2DM. Note that treatment op0ons are
stra0ﬁed from the least complex at the top to the most complex at the boTom. More ﬂexible, and thus preferred,
regimens are shown on the leV, and less ﬂexible regimens are shown on the right. Treatment begins with basal
insulin, which is usually taken with merormin, with or without another noninsulin agent. Basal insulin should be
started at a dose of 10 units per day or 0.1 to 0.2 units per kilogram per day. Adjustments are made in increments of
10% to 15% or 2 to 4 units once or twice weekly, to reach the FBG target. If hypoglycemia occurs, the dose should be
decreased by 4 units or by 10% to 20%.
If hyperglycemia is not controlled aVer the FBG target is reached or if the basal insulin dose exceeds 0.5 units per
kilogram per day, a trial of a GLP-1 receptor agonist can be considered. Otherwise, PPG excursions should be treated
with meal0me insulin. The preferred approach is to add 1 rapid-ac0ng insulin injec0on before the largest meal. The
star0ng dose should be 4 units, 0.1 units per kilogram, or 10% of the basal dose. If the A1C is less than 8%,
decreasing the basal dose by the same amount should be considered. The dose of meal0me insulin should be
increased by 1 to 2 units or by 10% to 15% once or twice weekly, un0l the SMBG target is reached. If hypoglycemia
occurs, the dose can be reduced by 2 to 4 units or by 10% to 20%.
The less ﬂexible alterna0ve is to change to premixed insulin twice daily before meals. The star0ng dose should be
calculated by dividing the current basal dose, and taking two thirds of the premixed insulin in the morning and one
third in the evening, or one half in the morning and one half in the evening. The premixed insulin dose should be
increased by 1 to 2 units or 10% to 15% once or twice weekly, un0l the SMBG target is reached. In response to
hypoglycemia, the premixed insulin dose should be decreased by 2 to 4 units, or 10% to 20%.
If these approaches do not result in adequate BG control, it is 0me to change to a basal–bolus regimen, taking
injec0ons of rapid-ac0ng insulin before ≥2 meals. Meal0me insulin should be started at 4 units, 0.1 units per
kilogram, or 10% of the basal dose per meal. If the A1C is less than 8%, reducing the basal dose by the same amount
should be considered. The meal0me insulin dose can be increased by 1 to 2 units or 10% to 15% once or twice
weekly un0l the SMBG target is reached. If hypoglycemia occurs, the meal0me insulin dose should be decreased by 2
to 4 units, or 10% to 20%.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes, 2015: a pa0ent-centered approach:
update to a posi0on statement of the American Diabetes Associa0on and the European Associa0on for the Study of Diabetes.
Diabetes Care. 2015;38:140–149.
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Another valuable resource is the 2016 AACE–ACE algorithm for adding/intensifying insulin.
This slide shows the ﬁrst part of the algorithm, covering basal insulin ini0a0on. For pa0ents whose
baseline A1C is less than 8%, the recommended insulin star0ng dose is 0.1 to 0.2 units per kilogram. The
recommended dose is 0.2 to 0.3 units per kilogram for pa0ents with a baseline A1C of ≥8%.
ThereaVer, basal insulin should be 0trated every 2 to 3 days to reach the pa0ent’s BG goal. If a ﬁxed
0tra0on regimen is preferred, the total daily dose (TDD) of insulin should be increased by 2 units. If an
adjustable regimen based on the fas0ng blood glucose (FBG) level is preferred, 20% of the TDD should be
added if the FBG level exceeds 180 mg/dL, 10% of the TDD should be added if the FBG level is 140 to 180
mg/dL, and 1 unit should be added if the FBG level is 110 to 139 mg/dL.
It is important to decrease the TDD of insulin if the pa0ent experiences hypoglycemia. If the BG value is
less than 70 mg/dL, the TDD should be reduced by 10% to 20%. If the BG level is less than 40 mg/dL, the
TDD should be reduced by 20% to 40%.
Providers should consider discon0nuing or reducing the dose of a sulfonylurea aVer star0ng basal insulin.
Basal insulin analogs are preferable to NPH insulin.

Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus statement by the American Associa0on of Clinical
Endocrinologists and the American College of Endocrinology on the Comprehensive Type 2 Diabetes Management
Algorithm – 2016 Execu0ve Summary. Endocr Pract. 2016;22:84–113.
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Here is the second part of the 2016 AACE–ACE algorithm, covering insulin intensiﬁca0on. Intensiﬁca0on
might begin by adding a GLP-1 agonist to the basal regimen; alterna0vely, an SGLT2 inhibitor or a DPP-4
inhibitor might be added. If this approach is not eﬀec0ve or the health care provider prefers to bypass
this step, prandial insulin should be introduced, using either of two approaches.
Using the “Basal Plus 1, Plus 2, Plus 3” approach, prandial insulin is ini0ated before the largest meal of
the day. If the BG value is not at goal, the pa0ent should progress to injec0ons before 2 or 3 meals. The
star0ng dose should be 10% of the basal dose or 5 units of prandial insulin.
Using the “Basal–Bolus” approach, the pa0ent introduces prandial insulin before each meal. The TDD of
insulin should be 0.3 to 0.5 units per kilogram, divided equally between basal and prandial insulin. At the
start of basal–bolus therapy, 50% of the TDD should be administered as prandial insulin, with an injec0on
before each of 3 meals.
Whichever insulin intensiﬁca0on approach is adopted, insulin should be 0trated every 2 to 3 days to
reach the glycemic goal. The prandial dose can be increased by 10% or by 1 to 2 units if the 2-hour
postprandial or next premeal glucose level is consistently above 140 mg/dL. If hypoglycemia occurs and
the BG level is consistently below 70 mg/dL, the TDD of basal and/or prandial insulin should be reduced
by 10% to 20%. If severe hypoglycemia occurs or the BG level is below 40 mg/dL, the basal and/or
prandial insulin dose should be reduced by 20% to 40%.

Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus statement by the American Associa0on of Clinical Endocrinologists and the
American College of Endocrinology on the Comprehensive Type 2 Diabetes Management Algorithm – 2016 Execu0ve Summary.
Endocr Pract. 2016;22:84–113.
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This table shows four new insulin products approved by the FDA in 2015.
Insulin degludec (IDeg), which has the brand name Tresiba®, is a basal insulin analog developed for oncedaily administra0on. It is available in U-100 and U-200 concentra0ons. It was evaluated in the BEGIN
program and received FDA approval in September 2015.
The insulin degludec/insulin aspart co-formula0on (IDegAsp), brand-named Ryzodeg® 70/30, is an insulin
analog containing 70% insulin degludec and 30% insulin aspart. It was assessed in the BOOST program
and received FDA approval in September 2015. Its US launch is expected to take place during the ﬁrst half
of 2016.
Insulin glargine (IGlar) U-300, with the brand name Toujeo®, is a concentrated formula0on of IGlar. It is a
convenient formula0on for pa0ents who require high basal insulin doses. It was evaluated in the EDITION
program and approved in February 2015.
Insulin lispro U-200, which has the brand name Humalog® U-200, is a concentrated formula0on of insulin
lispro. It makes administra0on more convenient for pa0ents who require high meal0me insulin doses.
Because it was determined to be bioequivalent to insulin lispro U-100, it was not evaluated in a formal
development program. It was approved in May 2015.

Tresiba® (insulin degludec injec0on). Prescribing informa0on. Plainsboro, NJ: Novo Nordisk Inc.; Sept. 2015.
Ryzodeg® 70/30 (insulin degludec and insulin aspart injec0on), for subcutaneous use. Prescribing informa0on. Plainsboro, NJ: Novo
Nordisk Inc.; Sept. 2015.
Toujeo® (insulin glargine injec0on) U-300, for subcutaneous use. Prescribing informa0on. Bridgewater, NJ: sanoﬁ-aven0s U.S. LLC;
Sept. 2015.
Humalog® (insulin lispro injec0on, solu0on) and Humalog® KwikPen® (insulin lispro injec0on, solu0on). Prescribing informa0on.
Indianapolis, IN: Eli Lilly and Company; Nov. 2015.
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IDeg has a dis0nct absorp0on mechanism. It forms mul0-hexamers when injected into subcutaneous (SC)
0ssue, resul0ng in a SC depot of IDeg. The protracted 0me-ac0on proﬁle of IDeg is predominantly due to
delayed absorp0on from the SC 0ssue to the systemic circula0on, and to a lesser extent to binding of
IDeg to circula0ng albumin.
Serum IDeg concentra0ons reach steady state in individuals of diﬀerent races, ethnici0es, ages, and types
of diabetes within 2 to 3 days of once-daily SC administra0on. Once at steady state, serum IDeg
concentra0ons remain unchanged.
The average half-life of IDeg at steady state is approximately 25 hours.
In adults who received IDeg at a dose of 0.4 units per kilogram, its glucose-lowering eﬀect lasted for at
least 42 hours aVer the last of 8 once-daily injec0ons.

Tresiba® (insulin degludec injec0on). Prescribing informa0on. Plainsboro, NJ: Novo Nordisk Inc.; Sept. 2015.
Tresiba® (insulin degludec injec0on). US Health Care Professionals website. Available at: hTps://www.tresibapro.com/. Accessed
April 1, 2016.
Heise T, Korsatko S, Nosek L, et al. Steady state is reached within 2–3 days of once-daily administra0on of degludec, a basal insulin
with an ultralong dura0on of ac0on. J Diabetes. 2016;8:132–138.
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These graphs show eﬃcacy results from four phase 3, randomized, open-label clinical trials in which IDeg
U-100 or U-200 was compared to IGlar U-100 in pa0ents with T2DM.
In the Zinman et al study, pa0ents received IDeg U-100 or IGlar for 52 weeks in combina0on with oral
an0diabe0c drugs (OADs). Pa0ents in the Garber et al study received IDeg U-100 or IGlar for 52 weeks in
combina0on with 1 or more OADs plus meal0me insulin aspart. In the study conducted by Gough et al,
insulin-naive pa0ents received IDeg U-200 or IGlar in combina0on with merormin, with or without a
DPP-4 inhibitor. Pa0ents in the study conducted by Meneghini et al received IDeg U-100 at the evening
meal, IDeg U-100 according to a ﬂexible dosing schedule resul0ng in 8- to 40-hour intervals between
injec0ons, or IGlar at the same 0me each day, all with 1 or more OADs.
In each study, IDeg was noninferior to IGlar for lowering A1C. Mean adjusted A1C reduc0ons from
baseline ranged from 1.03% to 1.18% with IDeg and from 1.15% to 1.22% with IGlar. FPG reduc0on was
signiﬁcantly greater with IDeg than with IGlar in the Zinman and Gough studies. In the Meneghini study,
the IDeg ﬂexible dosing regimen was associated with signiﬁcantly greater FPG reduc0on than IGlar. Mean
adjusted FPG reduc0ons from baseline ranged from 54.2 to 71.1 mg/dL with IDeg and from 35.3 to 63.5
mg/dL with IGlar.

Zinman B, Philis-Tsimikas A, Cariou B, et al. Insulin degludec versus insulin glargine in insulin-naive pa0ents with type 2 diabetes.
Diabetes Care. 2012;35:2464–2471.
Garber AJ, King AB, Del Prato S, et al. Insulin degludec, an ultra-longac0ng basal insulin, versus insulin glargine in basal-bolus
treatment with meal0me insulin aspart in type 2 diabetes (BEGIN Basal-Bolus Type 2): a phase 3, randomized, open-label, treat-totarget non-inferiority trial. Lancet. 2012;379:1498–1507.
Gough SC, Bhargava A, Jain R, et al. Low-volume insulin degludec 200 units/mL once daily improves glycemic control similarly to
insulin glargine with a low risk of hypoglycemia in insulin-naïve pa0ents with type 2 diabetes. Diabetes Care. 2013;36:2536–2542.
Meneghini L, Atkin SL, Gough SC, et al. The eﬃcacy and safety of insulin degludec given in variable once-daily dosing intervals
compared with insulin glargine and insulin degludec dosed at the same 0me daily. Diabetes Care. 2013;36:858–864.
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As with other insulins, hypoglycemia is the most common adverse reac0on with IDeg. The graph on the leV shows
the percentage of pa0ents who experienced ≥1 conﬁrmed hypoglycemia episode in the four phase 3 clinical trials
described on the last slide. Hypoglycemia was deﬁned as a severe episode (requiring the assistance of another
person) or an episode in which a laboratory or a self-measured glucose calibrated to plasma was less than 56 mg/dL
or a whole BG was less than 50 mg/dL, with or without the presence of symptoms. Overall, similar percentages of
IDeg and IGlar-treated pa0ents had conﬁrmed hypoglycemia. Percentages of IDeg-treated pa0ents experiencing
severe hypoglycemia with ﬁxed dosing in the Zinman, Garber, Gough, and Meneghini studies, and ﬂexible dosing in
the Meneghini study, respec0vely, were 0.3%, 4.5%, 0%, 0.9%, and 0.4%. Percentages of IGlar-treated pa0ents
experiencing severe hypoglycemia in the Zinman, Garber, Gough, and Meneghini studies, respec0vely, were 1.9%,
4.4%, 0%, and 0.9%. For severe hypoglycemia, the diﬀerence between IDeg and IGlar in the Zinman study was
sta0s0cally signiﬁcant, favoring IDeg (P = 0.017).
Several meta-analyses have shown that the risk of nocturnal hypoglycemia is lower with IDeg than with IGlar. The
graph on the right shows the ﬁndings of a meta-analysis of data from ﬁve phase 3 clinical trials (the trials men0oned
above and an addi0onal study in Asian pa0ents). The conﬁrmed nocturnal hypoglycemia rate ra0o for IDeg versus
IGlar was 0.81 during the 0tra0on period (weeks 1 to 15), 0.62 during the maintenance period (week 16 and
beyond), and 0.68 at the end of the trial. Based on the 95% conﬁdence intervals, the risk of nocturnal conﬁrmed
hypoglycemia was signiﬁcantly lower for IDeg than for IGlar during the maintenance period and at endpoint.
Tresiba® (insulin degludec injec0on). Prescribing informa0on. Plainsboro, NJ: Novo Nordisk Inc.; Sept. 2015.
Zinman B, Philis-Tsimikas A, Cariou B, et al. Insulin degludec versus insulin glargine in insulin-naive pa0ents with type 2 diabetes. Diabetes Care.
2012;35:2464–2471.
Garber AJ, King AB, Del Prato S, et al. Insulin degludec, an ultra-longac0ng basal insulin, versus insulin glargine in basal-bolus treatment with meal0me
insulin aspart in type 2 diabetes (BEGIN Basal-Bolus Type 2): a phase 3, randomized, open-label, treat-to-target non-inferiority trial. Lancet.
2012;379:1498–1507.
Gough SC, Bhargava A, Jain R, et al. Low-volume insulin degludec 200 units/mL once daily improves glycemic control similarly to insulin glargine with a
low risk of hypoglycemia in insulin-naïve pa0ents with type 2 diabetes. Diabetes Care. 2013;36:2536–2542.
Meneghini L, Atkin SL, Gough SC, et al. The eﬃcacy and safety of insulin degludec given in variable once-daily dosing intervals compared with insulin
glargine and insulin degludec dosed at the same 0me daily. Diabetes Care. 2013;36:858–864.
Russell-Jones D, Gall MA, Niemeyer M. Insulin degludec results in lower rates of nocturnal hypoglycaemia and fas0ng plasma glucose vs. insulin
glargine: a meta-analysis of seven clinical trials. Nutr Metab Cardiovasc Dis. 2015;25:898–905.
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This slide reviews dosing and 0tra0on guidelines for IDeg.
Pa0ents should be instructed to inject IDeg subcutaneously, once daily at any 0me of day.
The star0ng dose for insulin-naive pa0ents with T2DM is 10 units once daily. The star0ng dose for
pa0ents currently receiving insulin therapy is the same unit dose as the total daily long-ac0ng or
intermediate-ac0ng insulin unit dose.
The recommended interval between dose increases is 3 to 4 days.
Pa0ents who miss a dose of IDeg should be instructed to inject their daily dose during waking hours,
upon discovering the missed dose. They must ensure that at least 8 hours elapse between consecu0ve
IDeg injec0ons.

Tresiba® (insulin degludec injec0on). Prescribing informa0on. Plainsboro, NJ: Novo Nordisk Inc.; Sept. 2015.
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IDeg is administered using a U-100 or U-200 FlexTouch® disposable preﬁlled pen. Both types of pen have
a navy blue body and cap. The label and dose buTon are spring (light) green on the U-100 pen and forest
(dark) green on the U-200 pen.
The table highlights important diﬀerences between the U-100 and U-200 pens. Note that the volume of
both pens is 3 mL, but that the U-100 pen holds 300 units of insulin, whereas the U-200 pen holds 600
units. The maximum dose per injec0on is 80 units with the U-100 pen and 160 units with the U-200 pen.
Doses are dialed in 1-unit increments with the U-100 pen and in 2-unit increments with the U-200 pen.
Not-in-use (unopened) pens should ideally be stored in a refrigerator. Unopened pens can also be stored
at room temperature for up to 56 days (8 weeks).
An opened (in-use) pen should be kept at room temperature for up to 56 days.
Pa0ents should be advised not to perform dose conversion when using the U-100 or U-200 pen. The dose
window of both pens shows the number of insulin units to be delivered and no conversion is needed.

Tresiba® (insulin degludec injec0on). US Health Care Professionals website. Available at: hTps://www.tresibapro.com/. Accessed
April 1, 2016.
Tresiba® (insulin degludec injec0on). Prescribing informa0on. Plainsboro, NJ: Novo Nordisk Inc.; Sept. 2015.
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In summary, the eﬃcacy of IDeg is similar to that of IGlar, but the risk of nocturnal hypoglycemia is lower.
Clinical trials demonstrated that ﬁxed and ﬂexible dosing regimens have similar eﬃcacy and safety
proﬁles.
The ability to administer insulin degludec at diﬀerent 0mes of the day is convenient for pa0ents with
complex lifestyles. However, health care providers must instruct pa0ents to ensure that at least 8 hours
elapse between consecu0ve IDeg doses.
IDeg is available in both U-100 and U-200 concentra0ons. The U-200 concentra0on is beneﬁcial for
pa0ents who require high insulin doses.

Tresiba® (insulin degludec injec0on). Prescribing informa0on. Plainsboro, NJ: Novo Nordisk Inc.; Sept. 2015.
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IDegAsp is a human insulin analog solu0on containing 70% IDeg and 30% insulin aspart (IAsp). As the
diagram shows, IDeg is primarily self-associated as di-hexamers in formula0on, whereas IAsp is mainly
self-associated as hexamers. AVer injec0on into subcutaneous 0ssue, IDeg and IAsp undergo diﬀerent
changes. IAsp hexamers rapidly dissociate into monomers that are readily absorbed into the circula0on
over a short period of 0me. IDeg di-hexamers associate to form soluble mul0-hexamers from which
monomers are slowly released to be absorbed into the circula0on over a prolonged period of 0me.
The mean onset of appearance for the IAsp component is 14 minutes post-injec0on, with a peak
concentra0on aVer 72 minutes.
The pharmacodynamic and pharmacokine0c characteris0cs of IDeg, which we have already described,
are not altered by co-formula0on with IAsp.

Havelund S, Ribel U, Hubálek F, et al. Inves0ga0on of the physico-chemical proper0es that enable co-formula0on of basal insulin
degludec with fast-ac0ng insulin aspart. Pharm Res. 2015;32:2250–2258.
Ryzodeg® 70/30 (insulin degludec and insulin aspart injec0on), for subcutaneous use. Prescribing informa0on. Plainsboro, NJ: Novo
Nordisk Inc.; Sept. 2015.
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These graphs show eﬃcacy results from four phase 3, randomized, open-label, 26-week clinical trials. IDegAsp was
compared to IGlar U-100 in 2 studies, and to biphasic insulin aspart 30 (BIAsp 30) in 2 studies.
In START 1, insulin-naive pa0ents with inadequate glycemic control on 2 or more OADs received IDegAsp or IGlar
once daily. They also received merormin. Pa0ents inadequately controlled on basal insulin and at least 1 OAD
received once-daily IDegAsp or IGlar, in combina0on with 1 or more OADs, in the Kumar et al study. In the Fulcher et
al study, pa0ents inadequately controlled on once- or twice-daily premixed or self-mixed insulin plus at least 1 OAD
received twice-daily IDegAsp or BIAsp 30, with or without 1 or more OADs. Asian pa0ents inadequately controlled on
once- or twice-daily basal, premixed, or self-mixed insulin, with or without merormin, received twice-daily IDegAsp
or BIAsp 30, with or without merormin, in the Kaneko et al study.
In each study, IDegAsp was noninferior to the comparator for lowering A1C. Adjusted mean A1C reduc0ons from
baseline were 1.00% to 1.72% for IDegAsp, 0.97% and 1.75% for IGlar, and 1.29% and 1.44% for BIAsp 30. FPG
reduc0on was similar with IDegAsp in both studies and signiﬁcantly greater with IDegAsp than with BIAsp 30 in both
studies. Mean adjusted FPG reduc0ons from baseline were 28.9 to 63.3 mg/dL with IDegAsp, 34.9 and 72.5 mg/dL
with IGlar, and 26.2 and 29.8 mg/dL with BIAsp 30. In START 1 and the Kumar et al study, the adjusted mean change
from baseline was signiﬁcantly greater with IDegAsp than with IGlar, respec0vely (START 1, –27.2 vs –2.0 mg/dL;
Kumar et al, –32.3 vs –8.3 mg/dL).
Ryzodeg® 70/30 (insulin degludec and insulin aspart injec0on), for subcutaneous use. Prescribing informa0on. Plainsboro, NJ: Novo
Nordisk Inc.; Sept. 2015.
Kumar S, Jang HC, Guvener Demirağ N, et al. Eﬃcacy and safety of once-daily insulin degludec/insulin aspart compared with oncedaily insulin glargine in par0cipants with type 2 diabetes: a randomized, treat-to-target study. Diabet Med. 2016 March 30. [Epub
ahead of print]
Fulcher GR, Chris0ansen JS, Bantwal G, et al; BOOST: Intensify Premix I Inves0gators. Comparison of insulin degludec/insulin aspart
and biphasic insulin aspart in uncontrolled, insulin-treated type 2 diabetes: a phase 3a, randomized, treat-to-target trial. Diabetes
Care. 2014;37:2084–2090.
Kaneko S, Chow F, Choi DS, et al; BOOST®: Intensify All Trial Inves0gators. Insulin degludec/insulin aspart versus biphasic insulin
aspart 30 in Asian pa0ents with type 2 diabetes inadequately controlled on basal or pre-/self-mixed insulin: a 26-week, randomised,
treat-to-target trial. Diabetes Res Clin Pract. 2015;107:139–147.
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Hypoglycemia is the most common adverse reac0on with IDegAsp. The graph on the leV shows the
percentage of pa0ents who experienced at least 1 conﬁrmed hypoglycemia episode in the four phase 3
clinical trials described on the previous slide. The same deﬁni0on of hypoglycemia used in IDeg clinical
trials was employed. Overall, conﬁrmed hypoglycemia rates were modestly higher with IDegAsp than
with insulin glargine, and lower with IDegAsp than with BIAsp 30. Rates of severe hypoglycemia for
IDegAsp versus the ac0ve comparator, respec0vely, were: START 1, 0.4% vs 0.4%; Kumar et al, 0% vs
1.3%; Fulcher et al, 3.1% vs 7.2%; and Kaneko et al, 1.4% vs 1.4%. None of the diﬀerences were
sta0s0cally signiﬁcant.
The graph on the right shows the results of a pooled analysis of hypoglycemia data for the 2 studies in
which IDegAsp was compared with BIAsp 30. Rate ra0os were calculated for both the maintenance
period (Week 16 and beyond) and the full trial period. Analysis of the rate ra0os for hypoglycemic events
showed that during both the maintenance and full trial periods, there was a signiﬁcantly lower risk of
conﬁrmed, nocturnal conﬁrmed, symptoma0c conﬁrmed, and nocturnal symptoma0c conﬁrmed
hypoglycemia with IDegAsp than with BIAsp 30. In addi0on, the risk of severe hypoglycemia was
signiﬁcantly lower with IDegAsp during the maintenance period.
Ryzodeg® 70/30 (insulin degludec and insulin aspart injec0on), for subcutaneous use. Prescribing informa0on. Plainsboro, NJ: Novo Nordisk Inc.; Sept.
2015.
Novo Nordisk A/S. Clinical Trial Report: NN5401-3590 (BOOST: START 1). May 27, 2011.
Kumar S, Jang HC, Guvener Demirağ N, et al. Eﬃcacy and safety of once-daily insulin degludec/insulin aspart compared with once-daily insulin glargine
in par0cipants with type 2 diabetes: a randomized, treat-to-target study. Diabet Med. 2016 March 30. [Epub ahead of print]
Fulcher GR, Chris0ansen JS, Bantwal G, et al; BOOST: Intensify Premix I Inves0gators. Comparison of insulin degludec/insulin aspart and biphasic
insulin aspart in uncontrolled, insulin-treated type 2 diabetes: a phase 3a, randomized, treat-to-target trial. Diabetes Care. 2014;37:2084–2090.
Kaneko S, Chow F, Choi DS, et al; BOOST®: Intensify All Trial Inves0gators. Insulin degludec/insulin aspart versus biphasic insulin aspart 30 in Asian
pa0ents with type 2 diabetes inadequately controlled on basal or pre-/self-mixed insulin: a 26-week, randomised, treat-to-target trial. Diabetes Res
Clin Pract. 2015;107:139–147.
Chris0ansen JS, Niskanen L, Rasmussen S, et al. Lower rates of hypoglycemia during maintenance treatment with IDegAsp versus BIAsp 30: a combined
analysis of two phase 3a studies in type 2 diabetes. J Diabetes. 2015 Nov 26. [Epub ahead of print]
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Health care providers should instruct their pa0ents to inject IDegAsp subcutaneously, once or twice daily,
with any main meal. A rapid- or short-ac0ng insulin can be administered at other meals, if needed.
The IDegAsp dose should be adjusted according to BG measurements before breakfast (FBG levels).
The recommended interval between dose increases is 3 to 4 days.
Pa0ents who miss a dose of IDegAsp should take their next dose with the next main meal of that day, and
then resume their usual dosing schedule. They should not take an extra dose to make up for the missed
dose.
The recommended star0ng dose of IDegAsp in insulin-naive pa0ents with T2DM is 10 units once daily.

Ryzodeg® 70/30 (insulin degludec and insulin aspart injec0on), for subcutaneous use. Prescribing informa0on. Plainsboro, NJ: Novo
Nordisk Inc.; Sept. 2015.
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The process of star0ng IDegAsp in a pa0ent who is already taking insulin depends on the pa0ent’s
current regimen.
The ﬁrst scenario involves determining the IDegAsp star0ng dose in a pa0ent who is taking once- or
twice-daily premixed or self-mixed insulin, either alone or as part of a regimen of mul0ple daily
injec0ons. IDegAsp should be started at the same unit dose and injec0on schedule as the premixed or
self-mixed insulin. A pa0ent also taking short- or rapid-ac0ng insulin at meal0mes should con0nue the
short- or rapid-ac0ng insulin at the same dose for meals NOT covered by IDegAsp.
The second scenario is the procedure for star0ng IDegAsp in a pa0ent taking once- or twice daily basal
insulin only. In this situa0on, the pa0ent should start IDegAsp at the same unit dose and injec0on
schedule. A pa0ent switching from once-daily basal insulin to once-daily IDegAsp should carefully
monitor BG aVer star0ng therapy due to the rapid-ac0ng insulin component in IDegAsp.
The third scenario involves star0ng IDegAsp in a pa0ent who is switching from a mul0ple daily injec0on
regimen that includes a basal insulin and short- or rapid-ac0ng insulin at meal0mes. The pa0ent should
start IDegAsp once daily with the main meal, at the same unit dose as the basal insulin. Short- or rapidac0ng insulin should be con0nued at the same dose for meals NOT covered by IDegAsp.

Ryzodeg® 70/30 (insulin degludec and insulin aspart injec0on), for subcutaneous use. Prescribing informa0on. Plainsboro, NJ: Novo
Nordisk Inc.; Sept. 2015.
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IDegAsp is available only in a FlexTouch® disposable preﬁlled pen. The table highlights important pen
characteris0cs.
The concentra0on of IDegAsp is 100-U, and each 3-mL pen holds 300 units. The maximum dose per
injec0on is 80 units. Doses are dialed in 1-unit increments. Each package contains 5 pens and 1500 units
of IDegAsp.
Not-in-use (unopened) pens should ideally be stored in a refrigerator, but can also be stored at room
temperature for up to 28 days (4 weeks).
An opened (in-use) pen should be kept at room temperature, and can be used for up to 28 days.
IDegAsp does not require resuspension. This simpliﬁes administra0on and eliminates the risk of
incomplete mixing and hypoglycemia associated with incomplete mixing.

Ryzodeg® 70/30 (insulin degludec and insulin aspart injec0on), for subcutaneous use. Prescribing informa0on. Plainsboro, NJ: Novo
Nordisk Inc.; Sept. 2015.
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In summary, IDegAsp oﬀers many poten0al beneﬁts for pa0ents who require both basal and meal0me
insulin for op0mal glycemic control.
The eﬃcacy of IDegAsp is similar to that of insulin glargine U-100, and IDegAsp is more eﬀec0ve at
reducing FPG levels than BIAsp 30.
IDegAsp is associated with a lower risk of hypoglycemia than BIAsp 30.
IDegAsp oﬀers a once- or twice-daily co-formula0on of a basal and a rapid-ac0ng insulin analog that may
simplify the insulin regimen of many pa0ents.

Ryzodeg® 70/30 (insulin degludec and insulin aspart injec0on), for subcutaneous use. Prescribing informa0on. Plainsboro, NJ: Novo
Nordisk Inc.; Sept. 2015.
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The pharmacokine0c (PK) and pharmacodynamic (PD) proﬁles of IGlar U-300 are generally similar to those of IGlar
U-100, although there are several important diﬀerences. Before injec0on, both IGlar formula0ons have a pH of
approximately 4 and are completely soluble. Following injec0on into SC 0ssue, the acidic solu0on is neutralized,
leading to forma0on of a precipitate depot from which small amounts of IGlar are slowly released. The IGlar U-300
SC depot is more compact, with a smaller surface area, than the depot of the same dose of IGlar U-100. Compared to
IGlar U-100, the insulin in the IGlar U-300 depot is released more gradually. Consequently, the onset of ac0on of
IGlar U-300 is later than that of IGlar U-100, developing over 6 hours post-injec0on.
With IGlar U-300, steady-state insulin levels are reached aVer at least 5 days of once-daily injec0ons. Once steady
state is reached, IGlar U-300 exhibits more constant PK proﬁles and more evenly distributed PD ac0vity than IGlar
U-100. IGlar 300 has a longer dura0on of ac0on, extending beyond 24 hours, up to 36 hours.
Although the eﬃcacy of IGlar U-300 is similar to that of IGlar U-100, modestly higher doses may be required in some
pa0ents to achieve the same glucose-lowering eﬀect. The reason for this diﬀerence is currently unknown. However,
it has been suggested that the longer residence 0me for IGlar U-300 in the SC space might lead to increased
enzyma0c inac0va0on at the injec0on site.
Toujeo® (insulin glargine injec0on) U-300, for subcutaneous use. Prescribing informa0on. Bridgewater, NJ: sanoﬁ-aven0s U.S. LLC;
Sept. 2015.
Toujeo® (insulin glargine injec0on) U-300, for subcutaneous use. US Health Care Professionals website. Available at: hTps://
www.toujeopro.com/. Accessed April 7, 2016.
Becker RH, Dahmen R, Bergmann K, et al. New insulin glargine 300 units • mL–1 provides a more even ac0vity proﬁle and prolonged
glycemic control at steady state compared with insulin glargine 100 units • mL–1. Diabetes Care. 2015;38:637–643.
Riddle MC, Yki-Järvinen H, Bolli GB, et al. One-year sustained glycaemic control and less hypoglycaemia with new insulin glargine
300 U/ml compared with 100 U/ml in people with type 2 diabetes using basal plus meal-0me insulin: the EDITION 1 12-month
randomized trial, including 6-month extension. Diabetes Obes Metab. 2015;17:835–842.
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These graphs show eﬃcacy data for three 52-week, open-label, phase 3 clinical trials in which IGlar U-300
was compared to IGlar U-100.
In the Riddle et al study, pa0ents whose BG was not adequately controlled while taking ≥42 units per day
of basal insulin, plus meal0me insulin, with or without merormin, were randomized to receive IGlar
U-300 or IGlar U-100, with or without merormin. The Yki-Järvinen et al study included pa0ents with
subop0mal control during treatment with ≥42 units per day of basal insulin plus 1 or more OADs. Pa0ents
were randomly assigned to treatment with IGlar U-300 or IGlar U-100, plus 1 or more OADs. In the Bolli
et al study, insulin-naive pa0ents with inadequate BG control while taking OADs were randomized to
either IGlar formula0on, plus 1 or more OADs.
The graph on the leV shows that mean A1C decreases from baseline at week 52 were similar with IGlar
U-300 and IGlar U-100 in each study.
The graph on the right shows that mean basal insulin doses increased from baseline in both treatment
arms of the 3 studies, but that dose increases were somewhat greater in pa0ents randomized to IGlar
U-300. (The sta0s0cal signiﬁcance of these diﬀerences was not reported.)

Riddle MC, Bolli GB, Ziemen M, et al; EDITION 1 Study Inves0gators. New insulin glargine 300 units/mL versus glargine 100 units/mL
in people with type 2 diabetes using basal and meal0me insulin: glucose control and hypoglycemia in a 6-month randomized
controlled trial (EDITION 1). Diabetes Care. 2014;37:2755–2762.
Yki-Järvinen H, Bergenstal RM, Ziemen M, et al; EDITION 2 Study Inves0gators. New insulin glargine 300 units/mL versus glargine
100 units/mL in people with type 2 diabetes using oral agents and basal insulin: glucose control and hypoglycemia in a 6-month
randomized controlled trial (EDITION 2). Diabetes Care. 2014;37:3235–3243.
Bolli GB, Riddle MC, Bergenstal RM, et al; EDITION 3 study inves0gators. New insulin glargine 300 U/ml compared with glargine 100
U/ml in insulin-naïve people with type 2 diabetes on oral glucose-lowering drugs: a randomized controlled trial (EDITION 3).
Diabetes Obes Metab. 2015;17:386–394.
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This slide shows some safety data from phase 3 IGlar U-300 clinical trials.
The graph on the leV presents hypoglycemia data from a meta-analysis performed by Ritzel et al for the
three phase 3 clinical trials described on the previous slide. This analysis determined annualized rates of
hypoglycemia events over the 6-month dura0on of the trials. (Annualized rates report events per
par0cipant-year.) The analysis found that rates of conﬁrmed or severe hypoglycemia, at any 0me of day,
as well as rates of nocturnal hypoglycemia, were signiﬁcantly lower with IGlar U-300 than with IGlar
U-100.
The graph on the right reports on mean weight change from baseline. The 6-month data are from the
Ritzel meta-analysis and the 12-month data are from 6-month extensions of the Riddle and Yki-Järvinen
studies (EDITION 1 and 2, respec0vely). Mean weight gain was modest at 6 and 12 months with both
IGlar U-300 and IGlar U-100. Treatment with IGlar U-300 was associated with signiﬁcantly lower weight
gain at 6 and 12 months in the Yki-Järvinen study.

Ritzel R, Roussel R, Bolli GB, et al. Pa0ent-level meta-analysis of the EDITION 1, 2 and 3 studies: glycaemic control and
hypoglycaemia with new insulin glargine 300 U/mL versus glargine 100 U/mL in people with type 2 diabetes. Diabetes Obes Metab.
2015;17:859–867.
Riddle MC, Yki-Järvinen H, Bolli GB, et al. One-year sustained glycaemic control and less hypoglycaemia with new insulin glargine
300 U/ml compared with 100 U/ml in people with type 2 diabetes using basal plus meal-0me insulin: the EDITION 1 12-month
randomized trial, including 6-month extension. Diabetes Obes Metab. 2015;17:835–842.
Yki-Järvinen H, Bergenstal RM, Bolli GB, et al. Glycaemic control and hypoglycaemia with new insulin glargine 300 U/ml versus
insulin glargine 100 U/ml in people with type two diabetes using basal insulin and oral an0hyperglycaemic drugs: the EDITION 2
randomized 12-month trial including 6-month extension. Diabetes Obes Metab. 2015;17:1142–1149.
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IGlar U-300 should be administered once daily, at the same 0me each day.
The dose should be 0trated based on the pa0ent’s individual metabolic needs, SMBG results, and
glycemic control goals.
To minimize the risk of hypoglycemia, the dose of IGlar U-300 should be 0trated no more frequently than
every 3 to 4 days.
The recommended star0ng dose of IGlar U-300 is 0.2 units per kilogram of body weight per day.

Toujeo® (insulin glargine injec0on) U-300, for subcutaneous use. Prescribing informa0on. Bridgewater, NJ: sanoﬁ-aven0s U.S. LLC;
Sept. 2015.
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An individual who is taking once-daily intermediate- or long-ac0ng insulin (other than IGlar U-100) should
start IGlar U-300 at the same unit dose.
Similarly, a pa0ent who is taking once-daily IGlar U-100 should start IGlar U-300 at the same unit dose.
However, the health care provider should advise the pa0ent that a slightly higher daily dose of IGlar
U-300 may be needed to maintain the same level of glycemic control.
An individual who is taking intermediate-ac0ng insulin twice daily should start IGlar U-300 at 80% of the
total daily dose of intermediate-ac0ng insulin.
To minimize the risk of hypoglycemia or hyperglycemia when changing pa0ents to IGlar U-300, health
care providers should advise their pa0ents to perform SMBG frequently during the ﬁrst weeks of IGlar
U-300 treatment and to 0trate the IGlar U-300 dose per instruc0ons. The dose of non-insulin glucoselowering agents should be adjusted, if warranted.

Toujeo® (insulin glargine injec0on) U-300, for subcutaneous use. Prescribing informa0on. Bridgewater, NJ: sanoﬁ-aven0s U.S. LLC;
Sept. 2015.
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IGlar U-300 is available only in the SoloStar® disposable preﬁlled pen. The U-300 pen is shown at the
upper right of the slide. Note that it diﬀers from the IGlar U-100 pen at the lower right in several ways.
The U-300 pen has a white body and cap and a green label and dose buTon. The “300 Units/mL (U-300)”
designa0on is highlighted in honey gold on the label.
Pa0ents changing from IGlar U-100 to IGlar U-300 should be advised that the dose counter of the U-300
pen shows the number of units of IGlar U-300 to be injected, and no dose recalcula0on is required.
The table highlights important characteris0cs of the IGlar U-300 pen. Each pen has a volume of 1.5 mL
and contains 450 units of insulin. The maximum dose per injec0on is 80 units and doses are selected in 1unit increments. Packages contain 3 or 5 pens, and 1350 or 2250 units of U-300 insulin.
Not-in-use (unopened) pens should be stored in a refrigerator. An opened (in-use) pen should be kept at
room temperature, and can be used for up to 42 days (6 weeks). To minimize injec0on discomfort, a
pa0ent who is about to use a new pen should take it out of the refrigerator 1 hour before use.

Toujeo® (insulin glargine injec0on) U-300, for subcutaneous use. Prescribing informa0on. Bridgewater, NJ: sanoﬁ-aven0s U.S. LLC;
Sept. 2015.
Toujeo® (insulin glargine injec0on) U-300, for subcutaneous use. US Health Care Professionals website. Available at: hTps://
www.toujeopro.com/. Accessed April 7, 2016.
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This slide summarizes key points about IGlar U-300.
Compared to IGlar U-100, IGlar U-300 has a more constant PK proﬁle and more evenly
distributed PD ac0vity.
It has similar eﬃcacy, but modestly higher doses may be required to achieve the same glucoselowering eﬀect.
It is less likely than IGlar U-100 to cause hypoglycemia, and may cause slightly less weight gain.

57

Insulin lispro U-200 is the ﬁrst concentrated meal0me insulin analog to become available in the United
States.
Clinical pharmacology studies have shown that insulin lispro U-200 is bioequivalent to insulin lispro
U-100. The pharmacokine0c and pharmacodynamic proper0es of insulin lispro U-200 were compared to
those of insulin lispro U-100 in healthy volunteers who received a single 20-unit dose of each
formula0on.
Pharmacokine0cs studies showed similar values for mean observed area under the serum insulin
concentra0on-0me curve from 0me zero to inﬁnity, mean peak serum insulin concentra0on, and median
0me to maximum concentra0on
Pharmacodynamics studies showed similar values for mean area under the glucose infusion rate curve, a
measure of overall pharmacodynamic eﬀect. Results were also similar for the maximum glucose infusion
rate and the median 0me to maximum eﬀect.
Since the two formula0ons have been shown to be bioequivalent, clinical studies comparing the eﬃcacy
and safety of insulin lispro U-100 and U-200 were not conducted.

Danne T, Heinemann L, Bolinder J. New insulins, biosimilars, and insulin therapy. Diabetes Technol Ther. 2016;18(Suppl 1):S-43–
S-55.
Humalog® (insulin lispro injec0on, solu0on) and Humalog® KwikPen® (insulin lispro injec0on, solu0on). Prescribing informa0on.
Indianapolis, IN: Eli Lilly and Company; Nov. 2015.
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Insulin lispro U-200 is described in product literature as being especially useful for pa0ents who take an
average of at least 15 units of meal0me insulin at each meal and go through more than 4 meal0me pens
each month.
Changing to insulin lispro U-200 from insulin lispro U-100, another rapid-ac0ng insulin analog, or a shortac0ng insulin should be done on a unit-to-unit basis. However, any change in the insulin regimen should
be made cau0ously, under close medical supervision, and the frequency of SMBG should be increased.
Health care providers should instruct their pa0ents not to perform dose conversion when switching from
U-100 meal0me insulin to insulin lispro U-200. The dose window on the insulin lispro U-200 pen shows
the number of insulin units to be delivered, and no conversion is needed.
Insulin lispro U-200 must be administered only subcutaneously, with a preﬁlled disposable Humalog®
U-200 KwikPen®.
Insulin lispro U-200 should not be administered intravenously, used in an insulin pump, or mixed with any
other insulin.

Humalog® 200 U/mL KwikPen® (insulin lispro injec0on [rDNA origin] 200 units/mL). Product brochure. Indianapolis, IN: Eli Lilly and
Company; Oct. 2015. Product ID: PP-HI-US-0561.
Humalog® (insulin lispro injec0on, solu0on) and Humalog® KwikPen® (insulin lispro injec0on, solu0on). Prescribing informa0on.
Indianapolis, IN: Eli Lilly and Company; Nov. 2015.
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Insulin lispro U-200 is available only in a preﬁlled, disposable Humalog® U-200 KwikPen®. Unlike insulin
lispro U-100, it does not come in a vial, or in a cartridge for a reusable pen. The appearance of the U-200
pen is substan0ally diﬀerent from that of the U-100 pen. The U-200 pen has a black body, cap, and dose
buTon, whereas the U-100 pen is bluish gray. The overall design of the U-200 pen is more streamlined,
the label is larger, and the words “200 units per mL (U-200)” are prominently displayed on the label. The
mechanisms of the pens are somewhat diﬀerent, and usability tes0ng indicates that pa0ents and
caregivers ﬁnd the U-200 pen easier to use for high-volume injec0ons.
The table highlights important diﬀerences between the U-100 and U-200 pens. Note that the volume of
both pens is 3 mL, but that the U-200 pen holds 600 units of insulin, whereas the U-100 pen holds 300
units. With both pens, the maximum dose per injec0on is 60 units, and doses are dialed in 1-unit
increments.
Although not-in-use (unopened) pens should ideally be stored in a refrigerator, they can also be kept at
room temperature for up to 28 days (4 weeks). An opened (in-use) pen should be kept at room
temperature, and can be used for up to 28 days.
As men0oned previously, pa0ents should be advised not to perform dose conversion when using either
the U-200 or U-100 pen. The dose window shows the number of insulin units to be delivered with each
pen and no conversion is needed.

Humalog® (insulin lispro injec0on, solu0on) and Humalog® KwikPen® (insulin lispro injec0on, solu0on). Prescribing informa0on.
Indianapolis, IN: Eli Lilly and Company; Nov. 2015.
Wang T, Conrad KA, van Brunt K, et al. ATributes inﬂuencing insulin pen preference among caregivers and pa0ents with diabetes
who require greater than 20 units of meal0me insulin. J Diabetes Sci Technol. 2016 Feb 25. [Epub ahead of print]
Humalog® KwikPen® (insulin lispro injec0on [rDNA origin] 100 units/mL, 300 mL pen and 200 units/mL, 300 mL pen). Instruc0ons
for use. Indianapolis, IN: Eli Lilly and Company; March 2015. Product ID: PP-HI-US-0561.
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In summary, the PK and PD proper0es of insulin lispro U-200 are similar to those of the U-100
formula0on.
Insulin lispro U-200 is especially useful for pa0ents who take an average of at least 15 units of meal0me
insulin with each meal.
Changing from insulin lispro U-100, another rapid-ac0ng insulin analog, or a short-ac0ng insulin should
be done on a unit-to-unit basis.
Insulin lispro U-200 is available only in a preﬁlled, disposable Humalog® U-200 KwikPen®.

Humalog® (insulin lispro injec0on, solu0on) and Humalog® KwikPen® (insulin lispro injec0on, solu0on). Prescribing informa0on.
Indianapolis, IN: Eli Lilly and Company; Nov. 2015.
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This case presenta0on illustrates the way in which a new basal insulin product can be ini0ated and
0trated in a pa0ent with T2DM.
Gina presents for a visit to her primary health care provider. Her last appointment was 3 months earlier.
Gina is a 69-year-old white woman. She is married and has 2 adult children and 2 preschool
grandchildren. She is a re0red elementary school teacher. Un0l recently she maintained regular meal and
physical ac0vity schedules and paTerns.
However, she had a drama0c lifestyle change 6 months ago. At that point she started babysiRng for her
grandchildren so her daughter, a single parent, could go to work for a commercial catering company.
Gina says she is eager to help her daughter get ahead and enjoys spending a lot of 0me with her
grandchildren. But she admits that she is oVen 0red and ﬁnds it diﬃcult to adapt to an irregular
schedule. On days when her daughter has a breakfast func0on, Gina needs to leave her own house by 6
AM. On nights when her daughter is catering a dinner, Gina may not get home un0l 1 AM.
Gina says she works hard to keep her grandchildren’s rou0ne stable and their meals nutri0ous, but that
she has been less successful at maintaining her own rou0nes. She reports that her meal schedule and
paTern have become inconsistent. She seldom has the energy or 0me to walk or bicycle with her
husband when she is at home in the evening, and her physical ac0vity is oVen limited to doing light
housework and pushing her grandchildren on their swings.
Gina’s main concern is that she has experienced 3 episodes of nocturnal hypoglycemia during the past
month. They occurred at the end of days that were par0cularly disrupted, when she did not eat any full
meals.
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Gina has obesity, with a BMI of 31.1 kg/m2. She has gained 7 pounds over the last 3 months. She has an
8-year history of T2DM, without complica0ons. She also has hypertension and dyslipidemia. Otherwise,
her health history is unremarkable.
Gina’s glucose-lowering regimen consists of merormin (1000 mg BID), sitaglip0n (100 mg QD), and
insulin glargine (30 units QD, before bed). She also takes lisinopril (20 mg QD), atorvasta0n (20 mg QD),
and aspirin (81 mg QD). She is not troubled by any side eﬀects. Aside from the recent cases of nocturnal
hypoglycemia reported during this visit, she has tolerated her insulin regimen well.
Review of her laboratory values shows that Gina’s current A1C is 8.1%, an increase from 3 months earlier,
when it was 7.8%. Six months earlier, it was 7.3%, a level that was consistent with earlier values.
Given her generally good health and the absence of diabetes-related complica0ons, Gina and her
provider have agreed on fairly stringent individualized glycemic goals for her. Her targets are an A1C of
less than 7%, fas0ng blood glucose in the range of 70 to 130 mg/dL, and a peak postprandial blood
glucose level of less than 180 mg/dL.
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Gina’s health care provider asks her whether she is aware of any factors that might have contributed to
her increased A1C value.
Gina responds that changes in her ea0ng paTern are probably major factors. Instead of focusing on a
variety of fresh vegetables, as she has done in the past, she says she has been ea0ng a lot of sandwiches
with regular-fat cheese or lunch meat, as well as potato chips and other high-fat snack foods.
She says she almost always takes her oral medica0ons, but has been omiRng her insulin injec0on once
or twice a week. “Some0mes I’m too 0red to deal with it and some0mes I completely forget about it,”
she says. “Other 0mes I remember in the middle of the night, and I’m afraid I’ll cause problems if I take it
then.”
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Gina and her health care provider discuss prac0cal approaches that will help her improve and maintain
her glycemic control despite a challenging situa0on.
First, they consider realis0c ways for her to return to her healthful ea0ng paTerns. “My husband enjoys
cooking, and he’s been saying that he wants to help me more,” comments Gina. Gina speaks with her
husband, and he oﬀers to prepare salads, low-fat chili, and other healthful meals that she can take to her
daughter’s house.
The health care provider also suggests that Gina change from insulin glargine to insulin degludec. She
explains that insulin degludec is a recently approved, once-daily basal insulin. It is as eﬀec0ve as insulin
glargine, has a longer dura0on of ac0on, and allows for greater ﬂexibility in the 0ming of administra0on.
And while it does not eliminate the risk of hypoglycemia, pa0ents are somewhat less likely to experience
nocturnal hypoglycemia.
Gina agrees to change to insulin degludec.
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Consistent with the prescribing informa0on for insulin degludec, Gina ini0ates treatment with insulin
degludec at a dose of 30 units, her current dose of insulin glargine.
She takes her once-daily dose of insulin degludec at noon, the most convenient 0me of day for her.
As she would when beginning treatment with any insulin product, she performs SMBG more frequently
than usual at the start of treatment.
Gina understands that if she misses a dose, she will inject it during waking hours, upon discovering the
missed dose. Her health care provider emphasizes the importance of ensuring that at least 8 hours
elapse between consecu0ve injec0ons.
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By her 3-month follow-up appointment, Gina’s A1C has decreased to 7.6% and she has lost 5 pounds.
Gina reports that, with her husband’s help, she has resumed her healthful ea0ng paTerns, and her
grandchildren are ea0ng more nutri0ous meals, as well.
Her daily insulin degludec dose remains at 30 units.
Gina reports that she experienced one episode of mild day0me hypoglycemia soon aVer star0ng insulin
degludec. She forgot to take her daily noon0me dose of insulin degludec, took it at 5:30 the next
morning, and then took another dose at noon. Thus, 8 hours did not elapse between doses. Gina notes
that she was able to self-treat the hypoglycemia by drinking about 4 ounces of orange juice, and that the
experience taught her the importance of the 8-hour treatment interval. She has not had any episodes of
nocturnal hypoglycemia since star0ng insulin degludec.
Gina says that she appreciates the ﬂexibility and the dependable glycemic control provided by insulin
degludec.

68

• T2DM is characterized by insulin resistance and beta-cell dysfunc0on.
• Many pa0ents with T2DM beneﬁt from insulin therapy.
• Various insulin products are available to meet the needs of individual pa0ents.
• Evidence-based algorithms have been developed to facilitate the ini0a0on and 0tra0on of insulin
therapy.
• New insulin products oﬀer increased convenience and lower risks of some types of hypoglycemia
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