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Abstract: Diabetes is a lifelong condition requiring ongoing medical care and patient 

self-management. Exogenous insulin therapy is essential in type 1 diabetes and becomes a 

necessity in patients with longstanding type 2 diabetes who fail to achieve optimal control with 

lifestyle modification, oral agents, and glucagon-like peptide 1-based therapy. One of the risks 

that hinders insulin use is hypoglycemia. Optimal insulin therapy should therefore minimize the 

risk of hypoglycemia while improving glycemic control. Insulin degludec (IDeg) is a novel basal 

insulin that, following subcutaneous injection, assembles into a depot of soluble multihexamer 

chains. These subsequently release IDeg monomers that are absorbed at a slow and steady rate 

into the circulation, with the terminal half-life of IDeg being ∼25 hours. Thus, it requires only 

once-daily dosing unlike other basal insulin preparations that often require twice-daily dosing. 

Despite its long half-life, once-daily IDeg does not cause accumulation of insulin in the circula-

tion after reaching steady state. IDeg once a day will produce a steady-state profile with a lower 

peak:trough ratio than other basal insulins. In clinical trials, this profile translates into a lower 

frequency of nocturnal hypoglycemia compared with insulin glargine, as well as an ability to 

allow some flexibility in dose timing without compromising efficacy and safety. Indeed, a study 

that tested the extremes of dosing intervals of 8 and 40 hours showed no detriment in either 

glycemic control or hypoglycemic frequency versus insulin glargine given at the same time each 

day. While extreme flexibility in dose timing is not recommended, these findings are reassuring. 

This may be particularly beneficial to elderly patients, patients with learning difficulties, or others 

who have to rely on health-care professionals for their daily insulin injections. Further studies 

are required to confirm whether this might benefit adherence to treatment, reduce long-term 

hypoglycemia or reduce diabetes-related complications.
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Introduction
As the prevalence of diabetes continues to increase on a global level, research is moving 

toward the development of new treatments that can improve overall management of the 

condition, including new insulins with novel pharmacologic profiles. One such is insulin 

degludec (Tresiba®; Novo Nordisk, Bagsværd, Denmark), a recently developed basal 

insulin. When injected subcutaneously, insulin degludec produces an ultra-long pharmaco

kinetic (PK) absorption profile through a unique pharmacological mechanism,1 which 

translates into a very long duration of action that has been shown to exceed 42 hours in 

most patients.2 Previously available basal-insulin products have shorter durations of action 

that sometimes require twice-daily dosing, although the basal-insulin analogs glargine 

(Lantus®; Sanofi SA, Paris, France) and detemir (Levemir®; Novo Nordisk) are often 
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considered to have durations of action close to 24 hours and are 

typically started with a once-daily dosing schedule.3,4 Insulin 

degludec is also given once daily, but the prospect of dosing a 

basal insulin at a frequency that is much shorter than its dura-

tion of action raises questions about how it will affect the risk 

of hypoglycemia, how it should be titrated to reach an optimal 

steady state, and whether there will be practical differences 

to consider when using the new insulin rather than previous 

products. This review therefore revisits some of the fundamental 

principles of diabetes management with insulin therapy, and the 

impact on dosing requirements and patient safety consequent 

to an insulin with an ultra-long duration of action.

Diabetes
Diabetes is a chronic illness requiring ongoing medical care 

and patient self-management. In healthy individuals, insulin is 

essential for the cells in the liver, skeletal muscle, and fat tis-

sue to absorb glucose from the blood, where it is metabolized 

to produce energy, or stored. By controlling blood glucose 

levels, insulin prevents hyperglycemia, which, chronically, 

can cause micro- and macrovascular morbidity. Diabetes 

occurs when pancreatic beta cells fail to produce insulin 

(type 1 diabetes)5 or produce insufficient insulin to overcome 

insulin resistance in target tissues (type 2 diabetes).6

In type 1 diabetes, the immune system destroys the 

insulin-producing beta cells. In the absence of insulin, glu-

cose cannot enter the cells of target tissues, so protein and fat 

are broken down as an alternative energy source, potentially 

leading to ketoacidosis. Type 1 diabetes, which usually devel-

ops before the age of 40, and often during teenage years, is 

less common than type 2 diabetes, accounting for ∼10% of 

diabetes diagnoses in the USA and Europe.7

Type 2 diabetes occurs when muscle, liver, and adipose 

cells become less responsive to insulin (insulin resis-

tance) and the beta cells fail to produce enough insulin to 

compensate. Type 2 diabetes accounts for ∼90% of adult 

cases in the USA and Europe,7 and is characterized by gradual 

but persistent disease progression due to declining beta-cell 

function. It is often associated with obesity, poor diet, and 

physical inactivity. Type 2 diabetes may be controlled by 

lifestyle changes including diet and exercise and oral glucose-

lowering treatments or incretin-based therapies,8 but over 

time, treatment intensification, including exogenous insulin 

therapy may be required.

Role of insulin therapy
Type 1 diabetes necessitates lifelong therapy with insulin, 

with dose adjustments based on self-monitoring of blood 

glucose levels. Long-term management requires a multidisci-

plinary approach that includes physicians, nurses, dietitians, 

pharmacists, and mental-health professionals with a specific 

interest in diabetes care.8 In patients with type 1 diabetes, 

the American Diabetes Association recommends the use of 

multiple-dose insulin injections or continuous subcutaneous 

insulin infusion to recreate the physiological plasma insulin 

kinetic profile.8 This comprises a continuous basal level of 

insulin secretion supplemented by peaks of secretion that 

take place in response to food ingestion.9 Therefore, prandial 

insulin therapy must be matched to carbohydrate intake, pre-

meal blood glucose, and anticipated activity.

The objective in treating type 2 diabetes is to achieve 

and maintain glycemic control and to change interventions 

when therapeutic goals are not being met.8,10 Management of 

hyperglycemia in individuals with type 2 diabetes involves 

a cascade of interventions beginning from diagnosis, and 

often commencing with metformin in combination with 

lifestyle changes.8,10 The hemoglobin A
1c

 (glycosylated 

hemoglobin, HbA
1c

) test, based on the attachment of glucose 

to hemoglobin, reflects an individual’s blood glucose levels 

over the previous 2–3 months. Where HbA
1c

 targets are not 

achieved, treatment intensification is based on the addition of 

another blood glucose-lowering drug from a different class. 

In the past, insulin was considered the final treatment option 

for individuals with type 2 diabetes, but current treatment 

guidelines emphasize individualized therapy and recommend 

consideration of insulin, in particular basal insulin, as a 

component of treatment from much earlier in the disease 

process.8,10

Insulin was first developed as an impure preparation 

sourced from animals, but considerable changes have sub-

sequently been made to insulin products to improve their 

efficacy, safety, and tolerability profile.11 In particular, analog 

insulin products have been developed that have onsets and 

durations of action that more closely mimic the kinetics of 

physiologic insulin secretion.11–13 Bolus, or prandial, insulin 

analogs are designed to mimic the physiologic response 

to meal-time carbohydrate absorption, while basal insulin 

analogs are designed to provide a lower and more constant 

circulating insulin level throughout the day to suppress excess 

hepatic glucose production.11

The most commonly used products in the basal insulin 

field currently are neutral protamine Hagedorn (NPH) insulin, 

insulin glargine, and insulin detemir. Insulin glargine and 

insulin detemir offer increased duration of action and reduced 

peaks and variability in their action profiles compared with 

NPH insulin,4,12 resulting in a reduced risk of hypoglycemia, 
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particularly during the night when the influence of a basal 

insulin on blood glucose is less confounded by other 

factors.3,11,13 However, these basal insulin analogs still have 

suboptimal PK and pharmacodynamic (PD) properties; they 

need to be injected at the same time each day, potentially 

limiting adherence.14

Hypoglycemia: the primary  
adverse effect of insulin therapy
In healthy people, low blood glucose is counteracted by the 

secretion of glucohomeostatic regulatory hormones such as 

catecholamines, glucagon, cortisol, and growth hormones.15 

In patients with type 1 diabetes, however, this response is 

defective, while in patients with type 2 diabetes the counter-

regulatory function becomes progressively ineffective.16–20 

Consequently, patients with diabetes are vulnerable to 

iatrogenic hypoglycemia, which occurs when the glucose-

lowering action of therapies exceeds the physiological need, 

causing glucose levels to fall too far.

Hypoglycemia is the most common adverse effect of 

insulin therapy; a meta-analysis of six studies in patients 

with type 2 diabetes including 903,510 participants and 

1.0–5.6 years of follow-up reported that, during the follow-up 

period, 0.6%–5.8% patients experienced severe hypoglyce-

mia, for which third-party intervention was required.21

“Neuroglycopenia,” a shortage of glucose in the brain, 

is the most severe consequence of hypoglycemia, affecting 

the function of neurons and altering brain function and 

behavior.22 Prolonged or recurrent neuroglycopenia can 

result in loss of consciousness, damage to the brain, and 

eventual death.

Standard classif ications of hypoglycemia include 

confirmed, severe, and nocturnal hypoglycemic events. 

“Severe hypoglycemia” is defined as an event for which 

an individual requires the assistance of another person and 

cannot be treated with oral carbohydrates due to confusion or 

unconsciousness.23 Hypoglycemia frequently occurs during 

sleep, and episodes of nocturnal hypoglycemia range from 

asymptomatic to severe.23 Due to a lack of counter-regulatory 

response, patients with type 1 diabetes experience a higher 

frequency of hypoglycemic events than those with type 2 

diabetes.24

Consequences of hypoglycemia
Mild hypoglycemia can cause unpleasant and distressing 

adrenergic symptoms frequently leading to emergency hospi-

talization or extensive use of medical resources, while severe 

hypoglycemia can result in neurological (and, potentially, 

cardiovascular) sequela.16,19,22 Even mild hypoglycemic 

episodes may, understandably, cause the patient anxiety and 

ultimately lead them to reduce their insulin dose both in the 

short- and long-term.14,25,26 A recent survey of patients and phy-

sicians reported a high level of insulin omission/nonadherence: 

33.2% of patients reported insulin omission/nonadherence, 

with a mean of 3.3 nonadherent days in the previous month.14 

The fear of hypoglycemia can also delay patients and health-

care providers from initiating or intensifying insulin therapy. 

In the same survey, physicians indicated that they would treat 

diabetes more aggressively if there were no concern regarding 

hypoglycemia,14 suggesting that insulin associated with a lower 

hypoglycemia risk would be used more effectively. This could 

potentially lead to improvements in blood-glucose control and 

hence reductions in complications.

Severe hypoglycemia has a major impact on quality of 

life, the costs of direct health care, as well as indirect costs 

mainly related to reduced productivity, absenteeism from 

work, and, occasionally, early retirement. For example, in 

a large cohort study, 536,581 people with type 2 diabetes 

with ∼1.21 million person-years of follow-up, the cost of 

hypoglycemic events between 2004 and 2008 was US$52 

million.27

Factors affecting the safety  
of insulin therapy
Non-pharmacologic factors
Factors such as temperature, degree of resuspension, and 

accuracy of dose can markedly alter the physiological 

response to an insulin injection, as can inadvertent intramus-

cular injection.28 Pen devices may be more accurate than vials 

and syringes, and continuous subcutaneous insulin infusion 

pumps, when coupled with continuous glucose monitoring, 

can allow minute-by-minute adjustment of insulin dose 

and thereby offer a further reduction in the risk of hypo-

glycemia along with modest improvements in HbA
1c

 com-

pared with multiple daily injections.29 Host risk factors for 

hypoglycemia include young and old age, emotional stress, 

and depression.30–32 Longer-term factors, such as weight 

change, concomitant medications or diseases, liver or renal 

dysfunction, and dementia33 can also have a marked impact 

on the PK/PD profiles of insulin-injection therapy.34,35

Pharmacologic factors
The ultimate aim for the design of a basal insulin is to recreate 

the flat and continuous kinetic profile of physiological insulin 

secretion, with minimum day-to-day intra-patient variability. 

NPH insulin, insulin glargine, and insulin detemir, however, 
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all display suboptimal absorption kinetics that result in a 

non-flat (peaked) profile that translates into an increased 

risk of hypoglycemia. Clamp studies of NPH insulin show 

not only a pronounced peak in the blood glucose-lowering 

effect, but also high variability in the PD profiles that arise 

from identical doses given at identical times to an individual 

patient.12,36 The PD profiles of insulin glargine and insulin 

detemir both show a reduced peak effect with less within-

patient variability;12 however, these still cannot be considered 

to represent the ideal basal-insulin profile.4,37

Insulin degludec is a new-generation, soluble basal insulin 

with an ultra-long, peak-less PK profile attributed to subcu-

taneous multihexamer formation and slow release of insulin 

degludec monomers.1 Insulin degludec is currently approved 

for use in Europe, Japan, India, and Mexico; approval in the 

USA is conditional on a satisfactory outcome in a cardiovas-

cular safety trial. In clinical trials, insulin degludec offered 

similar efficacy, but a lower risk of nocturnal hypoglycemia, 

compared with insulin glargine.38–41

The pharmacology  
of insulin degludec
In pancreatic beta cells, endogenous insulin naturally forms 

hexamers in the presence of zinc. When secreted, these dis-

sociate rapidly into the biologically active monomers. The 

concept behind much basal insulin development has been to 

exploit the property of insulin self-association as a mecha-

nism for delaying its absorption from a subcutaneous depot. 

Insulin monomers absorb rapidly into the circulation across 

capillary membranes, but the larger hexamers absorb more 

slowly while even larger complexes are retained in the depot. 

Insulin degludec was therefore designed to self-associate into 

even larger complexes than hexamers. Insulin degludec is a 

desB30 insulin acylated at the LysineB29 (LysB29) residue with 

a γ-glutamate linker and 16-carbon fatty diacyl side chain 

(Figure 1).1 Its ability to form a multihexamer structure is 

key to prolonging the absorption rate.

In the pharmaceutical formulation (ie, in the presence 

of phenol), the insulin degludec hexamer adopts a “T
3
R

3
” 

conformation in which one end of the hexamer is open. This 

allows for interaction between an internal zinc ion in one 

hexamer and the side chain of another hexamer, forming a 

stable dihexamer. After injection, the phenol diffuses, caus-

ing the dihexamers to become open at both ends, enabling 

the formation of multihexamers (Figure 2).1 The gradual 

diffusion of zinc from the ends of the multihexamers sub-

sequently causes the dissociation of the terminal hexamers 

into monomers, which are released and absorbed at a slow 

and steady rate. This results in a slow and gradual delivery 

of insulin degludec from the subcutaneous injection site into 

the circulation.

PK/PD profile
Several studies investigating the pharmacological profile 

of insulin degludec were conducted both in patients with 

type 1 and type 2 diabetes. The mean terminal half-life of 

insulin degludec exceeds 25 hours in patients with either 

type 1 or type 2 diabetes, with a duration of action exceeding 

42 hours in most patients with type 1 diabetes.2,42,43 Due to its 

mechanism of protraction and the constant absorption rate, 

insulin degludec reaches clinical steady state with once-daily 

dosing in 2–3 days, producing a remarkably flat and stable 

PD profile.44

Further, there is relatively little within-subject vari-

ability in the glucose-lowering action from day to day or 

hour to hour, with overall intra-patient variability shown to 

be significantly (four-times) lower compared with insulin 

glargine in patients with type 1 diabetes.45 The PK profile of 

insulin degludec is not altered in specific population types 

including the elderly (aged $65 years), children, adolescents, 

or those with renal or hepatic impairment.46–49

Will an insulin dosed more frequently 
than its half-life result in insulin stacking?
“Insulin stacking” can be defined as insulin accumulating 

in the blood to inappropriately high levels as a result of 

absorption from repeated doses. This scenario is most com-

monly seen with rapidly absorbed mealtime insulins when a 

“corrective” additional dose is given if it is perceived that the 

original dose has not been sufficient to limit a postprandial 
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Figure 1 Schematic representation of insulin degludec. DesB30 human insulin is 
acylated at the ε-amino group of LysineB29 with hexadecanoic acid via a γ-L-glutamic 
acid linker.
Note: Reproduced from Jonassen I, Havelund S, Hoeg-Jensen T, Steensgaard DB,  
Wahlund PO, Ribel U. Design of the novel protraction mechanism of insulin 
degludec, an ultra-long-acting basal insulin. Pharm Res. 2012;29(8):2104–2114.  
Copyright © 2012, the authors.1
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rise in blood glucose. The result can be an overcompensation 

leading to a hypoglycemic event.50–52

In the case of a basal insulin with a very long action 

profile, it may seem logical to question whether daily dos-

ing would lead to excessive accumulation in the circulation, 

thereby increasing the risk, severity, or duration of hypo-

glycemic events. However, the goal of a basal insulin is to 

achieve steady state, whereby the rate of insulin absorption 

into the circulation equals the rate of uptake and elimination 

in target tissues over a 24-hour period. Ideally, this would be 

achieved with circulating insulin levels remaining as constant 

as possible (ie, a low peak:trough ratio). In the case of insulin, 

the plasma half-life is short, with elimination predominantly 

via receptor internalization, so the PD profile essentially 

reflects the dynamic rate of absorption.

Studies with once-daily administration of insulin deglu-

dec have clearly shown that concentrations increase over the 

initial days of treatment until they reach steady-state levels, 

after which no further accumulation occurs with a stable 

dose.44 In fact, the longer the elimination half-life is relative 

to the dosing interval, the lower the peak:trough ratio will 

be at steady-state (Figure 3).52 Moreover, if the elimination 

half-life is long relative to the dosing interval, the impact 

of missed or excessively high doses is buffered when the 

insulin is at steady state.

As hypoglycemia is most likely to occur during the times 

when insulin is at peak levels, it follows that, with appropri-

ate dosing, the steady-state profile of an ultra-long-acting 

insulin with a low peak:trough ratio should carry a lower risk 

of hypoglycemia than a shorter-acting basal insulin given 

at the same dose frequency. This anticipated risk reduction 

should be aided by a low intra-patient variability in insulin 

absorption. The risk of hypoglycemia associated with closely 

repeated dosing of rapid-acting insulins reflects the fact that 

the absorption rate is much faster, hence the elimination 

rate would eventually balance at a steady state with a much 

greater plasma insulin concentration.

Efficacy and safety results  
from clinical trials
The results from the insulin degludec Phase III clinical 

trials (the BEGIN program) suggest that the PK/PD proper-

ties of insulin degludec do translate into a reduced risk of 

hypoglycemia versus other basal insulins at an equivalent 

level of blood-glucose control. Reduced rates of nocturnal 

hypoglycemia were reported in studies comparing insulin 

Zn2+

Phenol

–Zn2+

–Phenol

Degludec dihexamers
(T3R3-state)

Degludec multihexamers
(T6-state)

Degludec dimers

Degludec monomers

Injected
formulation

Depot
formation

Absorption

Figure 2 Schematic representation of the hypothesis for the mode of retarded absorption of insulin degludec.1 Insulin degludec is injected subcutaneously as a zinc phenol 
formulation containing insulin degludec dihexamers in the T3R3 conformation. Rapid loss of phenol changes the degludec hexamers to T6 configuration and multihexamer 
chains form. With slow diffusion of zinc, these chains break down into dimers, which quickly dissociate into readily absorbed monomers. 
Note: Reproduced from Jonassen I, Havelund S, Hoeg-Jensen T, Steensgaard DB, Wahlund PO, Ribel U. Design of the novel protraction mechanism of insulin degludec, an 
ultra-long-acting basal insulin. Pharm Res. 2012;29(8): 2104–2114. Copyright © 2012, the authors.1
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degludec with insulin glargine in both basal-only and basal-

bolus regimens in patients with either type 1 or type 2 diabetes 

(Table 1).38,39,41,53–63

The hypoglycemia data comparing insulin degludec with 

insulin glargine from the BEGIN program were analyzed 

further in a meta-analysis across the entire treatment period 

as well as the maintenance period (stable glycemia and insu-

lin dose from 16 weeks onward).40 In patients with type 2 

diabetes, significantly lower rates of overall confirmed and 

nocturnal confirmed hypoglycemic episodes were reported 

with insulin degludec than with insulin glargine over the 

entire treatment period (risk ratio [95% confidence interval 

{CI}] 0.83 [0.74–0.94] and 0.68 [0.57–0.82], respectively). In 

patients with type 1 diabetes, there was a 17% risk reduction 

(nonsignificant) in nocturnal confirmed hypoglycemia across 

the entire treatment period, but the rate of nocturnal con-

firmed hypoglycemic episodes became significantly lower 

with insulin degludec than with insulin glargine during the 

maintenance period (risk ratio [95% CI], 0.75 [0.60–0.94]). 

Indeed, the relative risk reductions in hypoglycemia 

associated with insulin degludec were more pronounced 

during the maintenance period in all populations.

An additional meta-analysis of three basal-only insulin 

trials from the BEGIN program looked at the duration of the 

hypoglycemia experienced by insulin-naïve patients with 

type 2 diabetes treated with either insulin degludec or insulin 

glargine.64 The results indicated that there were no statisti-

cally significant differences between either treatment arm in 

terms of time to recognize (7.2 minutes for both), duration 

(26.4 versus [vs] 28.2 minutes, insulin degludec vs insulin 
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glargine), recovery time (34.2 vs 32.4 minutes, insulin deglu-

dec vs insulin glargine), or impact on daily activities.64

Other adverse events associated with insulin deglu-

dec included injection-site reactions (common; $1/100 

to ,1/10), peripheral edema and lipodystrophy (both 

uncommon; $1/1,000 to ,1/100).65 Cardiovascular safety 

data for insulin degludec will be reported in due course. 

A large-scale safety outcomes study was recommended by 

a recent US Food and Drug Administration advisory board 

in response to indications of a possible increased risk versus 

comparators – albeit based on small numbers in a composite 

endpoint for adverse cardiac events and in clinical trials not 

specifically designed for assessing cardiovascular risk.

Dosing implications arising from the PK/
PD profile of insulin degludec
To explore whether insulin degludec could be dosed less 

frequently than once daily, two 26-week, randomized, open-

label, non-inferiority trials compared the efficacy of insulin 

degludec administered by injection before breakfast (3TW
AM

) 

or with the evening meal (3TW
PM

) three times weekly with 

that of insulin glargine administered once daily in adults 

with type 2 diabetes.66 Non-inferiority for HbA
1c

 (with the 

pre-specified definition for non-inferiority being that the 95% 

confidence intervals for the difference in HbA
1c

 should not 

exceed 0.4%) was not confirmed in either trial (estimated 

treatment difference [95% CI] 0.34% [0.18–0.51] [insulin 

degludec 3TW
AM

 vs insulin glargine once daily]; 0.26% 

[0.11–0.41] [insulin degludec 3TW
PM

 vs insulin glargine 

once daily]). Consequently, the once-daily dosing regimen 

was selected for further clinical development.

Beyond reducing the risk of hypoglycemia, a further 

implication of the ultra-long PK profile of insulin degludec 

dosed once daily is that day-to-day differences in dose timing 

should have a relatively minor effect on the overall kinetic 

profile, as indicated by the relative impact of major regimen 

perturbations in Figure 3. Two studies compared insulin 

degludec in a “forced-flexible” dosing regimen of alternat-

ing intervals of 8 and 40 hours between dosing compared 

with a fixed once-daily dosing of insulin degludec, and with 

once-daily insulin glargine (as per label).53,54 In a 26-week, 

open-label, treat-to-target, non-inferiority trial, patients with 

type 1 diabetes received either insulin degludec given in a 

forced-flexible schedule (8 and 40 hours between doses), 

or insulin degludec or insulin glargine given at the same 

time daily.54 In the 26-week extension, all patients receiv-

ing insulin degludec were transferred to a free-flexible 

(Free-Flex) regimen, which allowed any-time-of-day dosing 

(provided the intervals between doses remained no shorter 

than 8 and no longer than 40 hours), and compared with 

patients continued on insulin glargine. Overall confirmed 

hypoglycemia was similar at week 52 in patients receiving 

Free-Flex insulin degludec and insulin glargine, but noc-

turnal confirmed hypoglycemia was significantly reduced 

in patients receiving Free-Flex insulin degludec compared 

with insulin glargine (−25% [estimated rate ratio {95% CI} 

0.75 {0.58–0.97}; P=0.026], full analysis set; −27% [0.73 

{0.54–0.98}; P=0.035], extension trial set).

The forced-flexible regimen was also tested in a 26-week 

trial in patients with type 2 diabetes, where the rate of both 

confirmed and nocturnal confirmed hypoglycemia did not 

differ between patients receiving forced-flexible insulin 

degludec and those receiving insulin glargine (rate ratio [95% 

CI] 1.03 [0.75–1.40], nonsignificant [NS] [overall confirmed 

hypoglycemia]; 0.77 [0.44–1.35], NS [nocturnal confirmed 

hypoglycemia]), or between forced-flexible and same-time 

insulin degludec (rate ratio [95% CI] 1.10 [0.79–1.52], NS 

[overall confirmed hypoglycemia]; 1.18 [0.66–2.12], NS 

[nocturnal confirmed hypoglycemia]).53

These two trials suggest that the ultra-long duration of 

action of insulin degludec allows variation of daily admin-

istration times within an 8–40 hour window without com-

promising efficacy or patient safety. The degludec summary 

of product characteristics states that a minimum of 8 hours 

between injections should always be ensured in practice.65

A further consideration in terms of dosing and patient 

safety concerns accidental or deliberate overdose.67 

Figure 3 illustrates that an overdose of insulin degludec 

can be expected to result in a slower rise in insulin level to 

a lower peak compared with a shorter-acting basal insulin, 

allowing more time for intervention. However, the eleva-

tion of serum insulin concentration will endure for longer, 

which might imply that a longer period of monitoring and 

possible repeated interventions to raise blood-glucose levels 

could be required. If a dose is forgotten, the dose should be 

taken on discovery and usual once-daily dosing should then 

be resumed.

Another dosing implication concerns the rate and 

increment of dose titration. The insulin degludec sum-

mary of product characteristics advises that patients with 

either type 1 or type 2 diabetes can switch unit-to-unit to 

insulin degludec from other once-daily basal insulins, with 

individual adjustments.65 It is noteworthy, however, that in 

studies in patients with type 1 diabetes, the rate of hypogly-

cemia was higher in the titration period in patients receiving 

insulin degludec,39,54 potentially undermining a later benefit. 
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This is possibly because patients switching from a previous 

basal insulin were always switched unit-for-unit to insulin 

degludec, whereas patients switching from twice-daily basal 

insulin to once-daily insulin glargine had a dose reduction. 

Additionally, ambitious fasting blood-glucose targets and 

titration algorithms were used. We propose that initial titra-

tion of an ultra-long acting insulin might be better done 

with lower dose increments over a more extended titration 

phase than used in the trials. Although dose reduction is not 

suggested during transition from once-daily basal insulin to 

insulin degludec, a dose at least 20% less than the daily dose 

of basal insulin should be considered for patients with type 1 

diabetes coming from a twice-daily basal insulin regimen 

or a twice-daily pre-mixed insulin therapy, or whose HbA
1c

 

is already less than 8% (64 mmol/mol). Dose and timing 

of the prandial insulin or the doses of the concomitant 

oral antidiabetic drugs may need to be adjusted. Further 

dose adjustment should be individualized. Close glucose 

monitoring is recommended during the transfer and in the 

following weeks.

Insulin degludec is manufactured at a standard concentra-

tion of 100 U/mL, but additionally in a high-concentration 

formulation (200 U/mL). This has been shown to be bioequiv-

alent to the 100 U/mL formulation and, unusually for insulin, 

the higher concentration does not result in an altered PK/

PD profile.68 Insulin degludec forms soluble multihexamers 

on subcutaneous injection, resulting in a depot from which 

monomers are slowly and continuously absorbed, and it is 

speculated that the monomer release rate may be the rate-

limiting factor and be unaffected by depot concentration or 

surface area.1,42,45 Patients requiring a large unit dose can 

administer insulin degludec in a smaller volume using the 

200 U/mL formulation and in some cases avoid needing to 

split the dose between two injections. A 26-week random-

ized, controlled trial in insulin-naïve patients with type 2 

diabetes reported similar HbA
1c

 reductions with insulin 

degludec U200 (200 units/mL formulation) compared with 

insulin glargine U100 (100 units/mL formulation), with 

significantly better fasting blood-glucose reductions and a 

low rate of hypoglycemia.56

Which patients could benefit  
from a basal insulin with an ultra- 
long duration of action?
Results from the Global Attitudes of Patients and Physicians 

in Insulin Therapy survey have revealed several factors that 

govern why a patient omits an insulin dose.14 The top six 

reasons given by patients were: too busy, traveling, skipped 

a meal, stress, embarrassing to inject in public, and challeng-

ing to take it at the same time every day. These data suggest 

that in addition to the lifestyle concerns of most individuals, 

where a flexible option may on occasion be useful, there are 

subsets of people for whom a flexible insulin may be fre-

quently required. In particular, this could include individuals 

who travel regularly and often face the challenge of different 

time zones. Shift workers may also greatly benefit from the 

freedom to change their dosing schedule from week to week 

based on their diary. Further studies are required to evaluate 

the impact of insulin degludec on glycemic control and risk 

reduction of hypoglycemia in these patient groups.

Elderly patients with diabetes are often more prone to 

hypoglycemic events due to many factors.69,70 Being in a 

care home or hospital or having a visiting nurse may mean 

that insulin administration is the responsibility of a carer, 

and the patient has no control over the regularity or time of 

their insulin or, possibly, their meals. Therefore, an insulin 

that, for example, does not commit a visiting nurse to a very 

specific time could be a great benefit to them and the patient. 

A preplanned meta-analysis of seven BEGIN trials showed 

a numerically lower risk of overall confirmed hypoglycemia 

over the total treatment period in the pooled elderly patient 

population (type 1 and type 2 diabetes) receiving insulin 

degludec compared with insulin glargine (estimated risk 

ratio [95% CI], 0.82 [0.66–1.00]; NS) and statistically sig-

nificantly lower risk of nocturnal confirmed hypoglycemia 

(estimated risk ratio [95% CI], 0.65 [0.46–0.93]; P,0.05).71 

This demonstrates that the hypoglycemic benefits of insulin 

degludec are retained in elderly patients.

Conclusion
Iatrogenic hypoglycemia is a major barrier to glycemic 

control. As a consequence, it has a significant impact on 

individual well-being and health outcomes. Insulin degludec 

is a new basal insulin with an ultra-long duration of action 

and a mechanism of protraction that induces a flat and 

stable action profile with low variability. Insulin degludec 

has a long terminal half-life (.25 hours in patients with 

either type 1 or type 2 diabetes) and reaches steady state in 

2–3 days. Clinical data suggest that this pharmacologic pro-

file translates into a reduced risk of nocturnal hypoglycemia 

compared with other basal insulins at equivalent levels of 

HbA
1c

. The results of clinical studies using a flexible dos-

ing regimen suggest that, while a “once a day, at the same 

time” regimen is recommended, efficacy and tolerability 

are not compromised by flexible dosing, and this may be 

of particular value in certain circumstances such as travel 
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and shift working and for those people with extremely busy 

lives or who are in care or unable to administer their own 

insulin. Further studies will be required in specific patient 

populations to confirm the possible beneficial effect of insu-

lin degludec on adherence to treatment and hypoglycemic 

risk reduction, and to identify the optimum protocols for 

dose titration.
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