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Background

In the last years there have been many efforts to
find the most suitable management of the diabetic in-
patient so to reduce hyperglycemia and hypoglycemia,
glycemic variability and length of stay as well. In fact,
the research Management of insulin therapy in hospi-
tal in PubMed (on date 10/25/2015) generates more

than 3000 results, of which 989 reviews, 489 Clinical
Trials and 28 guidelines.

Approximately, 38-46% of non-Intensive Care
Unit (ICU) hospitalized patients have diabetes melli-
tus, either with or without a prior diagnosis. Hyper-
glycemia is generally associated with an increased risk
of mortality, complications and lengths of stays. The
mortality rate of in-patients with an hyperglycemia of
new diagnosis (16%) or with an history of diabetes
(3%) is higher than hospitalized patients with normo-
glycemia (1.7%; both P<0.01).1

In hospitalized patients not only hyperglycemia,
but also hypoglycemia is associated with an increased
risk of mortality, length of stay and complications. The
incidence of hypoglycemia (defined as blood glucose
levels ≤70 mg/dL) in patients admitted to general
medical wards is between 3.5% and 10.5. In patients
with diabetes, hypoglycemia can occur in 12%-18%,
with even higher rates reported when more aggressive
antihyperglycemic therapy is used.2 Examination of
the hourly distribution showed that the majority of hy-
poglycemic events appeared to occur overnight. This
distribution is similar in hypoglycemia spontaneous
or associated with antihyperglycemic therapy.3-5 Risk
factors for nocturnal hypoglycemia include the re-
duced caloric intake, interruptions in enteral nutrition
for scheduled procedures, decreased bedside visits by
nursing staff with delayed recognition of hypo-
glycemic signs and symptoms, and impaired counter-
regulatory hormone response to hypoglycemia during
the sleep. These findings suggest that a heightened
vigilance for hypoglycemia may be necessary during
nocturnal hours.5

Furthermore, patients who had at least one episode
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of hypoglycemia stayed in the hospital 2.8 days longer
than patients who did not have any hypoglycemic
episodes (P<0.0001). The difference between actual
length of stay (LOS) and LOS expected for the diag-
nosis related group (DRG) increased gradually from
–1.0 days for patients with no hypoglycemia to 8.8
days for patients with >2 days with a hypoglycemic
episode. Finally, there is an extensive evidence of clin-
ical inertia, defined as failure to initiate or intensify
therapy when it is clinically indicated, in the inpatient
management and at the time of hospital discharge.6,7

The correct balance between glycemic control and
hypoglycemia risk reduction is very important to im-
prove inpatient outcomes. The improvement of insulin
therapy of hospitalized patients with diabetes and hy-
perglycemia offers the potential for cost savings from
improved hospital outcomes, reduced morbidity and
shortened length of stay.

In this review we discussed the current evidence
based on the clinical profile of a novel basal insulin,
degludec, and explore the potential clinical benefit for
diabetic inpatient.

Glycemic management

An American College of Endocrinology (ACE)
position statement in 2004 was followed by a joint
consensus statement by the ACE and the American Di-
abetes Association (ADA) in 2006 advocating stan-
dards for diabetes management in the hospital.8 The
ADA has subsequently published annual recommen-
dations for diabetes care in the hospital as part of its
overall position statements on diabetes care based on
clinical studies and on expert consensus. Table 1 pres-
ents the most recent guidelines for hospitalized pa-
tients in the American Association of Clinical
Endocrinologists (AACE)/ADA consensus statement.8

ADA recommends less stringent blood glucose
(BG) targets for critically ill patients, recommends in-
travenous insulin infusion for critically ill patients and
subcutaneous basal-bolus, prandial, and correctional
dosing for all non-critically ill patients.

In addition, it emphasizes the importance of
glycemic control in the hospital setting and adopts a
more vigilant stance towards prevention of hypo-
glycemia. Generally, the oral hypoglycemic agents
should be discontinued at the time of admission and
the insulin therapy should be preferentially started. In-
sulin-treated patients on admission should be revalu-
ated during hospitalization. It is also important to
discourage the use of sliding scale insulin therapy. The
sliding-scale is an approach in which the short-acting
insulin is administered to patients at the moment
(when the capillary glucose level is over the target)
and without a programmed scheme. Recent evidence
for managing glycemic control in hospitalized patients

highlighted that a sliding-scale insulin (SSI) approach
is not correct and that moving to basal and bolus in-
sulin analogous formulations are helpful for improv-
ing the level of glucose control in this setting. Two
prospective, randomized, controlled studies in non-
critically ill inpatients with hyperglycemia support the
concept of optimal glucose management with the
basal-bolus scheme (BB). One study showed incre-
mental benefits in glycemic control after switching
from SSI to BB and the second study showed a clear
improvement in outcomes with a 10% improvement
in patients achieving BG between 160 and 180 mg/dL,
a 23% decrease in length of stay (112 vs 86 h), and a
decreased need for supplemental insulin (8% of pa-
tients down from 29%).8 A recent meta-analysis9 of
the use of the regular insulin sliding scale (RISS) ver-
sus the use of scheduled subcutaneous basal and nu-
tritional (bolus) insulin combined, show that the mean
blood glucose level and incidence of hyperglycemic
events were significantly higher in the RISS group
than in the non-sliding-scale group.

Also in our hospital sliding scale was largely used
until 2009: therefore, we have tried to set a personal-
ized insulin scheduled, analyzing existing work in the
literature.

For non-ICU patients, the basal bolus insulin
method is universally recommended: scheduled sub-
cutaneous insulin therapy consists of a basal or inter-
mediate-acting insulin given once or twice a day in
combination with rapid- or short-acting insulin admin-
istered before meals in patients who are eating.10

In the case of basal insulin development, the chal-
lenge has been to retard absorption to a greater extent
than occurs with human insulin - ideally to produce a
constant, peakless kinetic profile that mimics normal
basal insulin secretion.

For basal insulin therapy, neutral protamine Hager-
don (NPH) insulin or long-acting insulin analogue (de-
temir or glargine) were the three insulin formulations
chosen until a short time ago. These products pro-
longed their action through a variety of mechanisms:
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Table 1. Glicemic targets in hospitalized patients. Modi-
fied from Moghissi, 2010.8
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crystals depot (NPH insulin), pH dependent precipi-
tates [insulin glargine (IGlar)] and albumin binding
[insulin detemir (IDet)]. Although these mechanisms,
the kinetics of these products did not give an ideal ab-
sorption profile. The NPH insulin has a pharmacoki-
netic profile characterised by an inappropriate peak of
action coupled with high variability from injection to
injection, both of which can lead to hypoglycemia and
oblige twice-daily dosing. The two available insulin
analogues (insulin glargine and insulin detemir) have
improved profiles and have advantages over NPH in-
sulin. Insulin detemir and insulin glargine provide a
duration of action lasting 20-24 h with little or no
peak, effective and consistent glycemic control, and
reduced risks of nocturnal hypoglycemia versus NPH
insulin, which has a shorter duration of action that re-
quires twice daily dosing for full 24-h coverage and a
higher risk of hypoglycemia because of the sharp peak
of insulin concentration 2-4 h after administration.
Long-acting insulin analogues are also associated with
lower overall BG variability compared to NPH in-
sulin.8 However, IDet and IGlar exhibit significant
residual within-patient variability in their pharmaco-
kinetic and pharmacodynamic profiles that can lead to

less predictable glucose lowering effects, which in
turn contributes to the increased risk of hypoglycemia
and can undermine dose titration.11 Improvements in
the pharmacokinetic properties of basal insulin ana-
logues would entail a prolonged duration of action
combined with a less variable pharmacodynamic ef-
fect, which might lead to more predictable glycaemic
control, less hypoglycemia and greater dosing flexi-
bility.11

New-generation basal insulin analogue

Insulin degludec (IDeg) is a new-generation basal
insulin analogue. In the presence of phenol and zinc,
as in the pharmaceutical formulation, IDeg forms a sol-
uble and stable dihexamer. Following subcutaneous in-
jection and thanks to phenol dispersion, IDeg the
dihexamers self-associate to form a stable depot of
multi-hexamer chains at the injection site. With the
gradual diffusion of zinc, however, these chains are ex-
pected to gradually disassemble to release monomers
from the terminal ends of multihexamers11,12 (Figure 1).

Heise and colleagues, investigated the pharmaco-
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Figure 1. Insulin degludec. DEPOT, deposit; Zn, zinc. Modified from Vora et al., 2015.11
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kinetics and pharmacodinamics properties of this new
basal insulin. They demonstrated that the terminal half-
life of IDeg was approximately 25 h at steady state,
and total glucose-lowering effect of IDeg increased lin-
early with increasing dose and extended beyond 26 h.
In order to describe the flatness of the pharmacody-
namic and pharmacokinetic profile, they compared ex-
posure and the glucose-lowering effect of IDeg in the
first 12 h post-dosing with the following 12 h of the
24-h dosing interval and observed a nearly perfect split
around 50%. Furthermore, the glucose-lowering effect
was similar in all the 6-h intervals within the 24-h dos-
ing interval.13 In another trial, Heise compared within-
subject day-to-day variability in the glucose-lowering
effect of IDeg with IGlar at steady state, and at clini-
cally relevant doses, in subjects with type 1 diabetes.
The glucose-lowering action of IDeg at steady state
showed four-times lower day-to-day variability during
0-24 h as compared to IGlar. A flat and stable glucose-

lowering effect with IDeg that is evenly distributed
across the 24-h dosing interval has also been shown in
patients with type 2 diabetes (T2DM).11 Importantly,
the ultra-long pharmacokinetic and pharmacodynamic
properties of IDeg observed in patients with type 1 di-
abetes (T1DM) and T2DM are maintained in various
subpopulations, such as the elderly and those with he-
patic or renal impairment (including those with end-
stage renal disease).11

Efficacy and safety of insulin degludec
in subjects with diabetes

The implications of the promising pharmacoki-
netic and pharmacodynamic characteristics of IDeg
have been investigated in a large clinical trial pro-
gramme (BEGIN) involving more than 11,000 pa-
tients with T1DM and T2DM (Table 2): 9 phase 3a
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Table 2. Summary of the phase 3a clinical trials in the BEGINW clinical programme with insulin degludec. Modified from
Vora et al., 2015.11
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randomised, controlled, open-label, multicentre trials
with a treat-to-target design (in order to meet Food
and Drug Administration recommendations for non-
inferiority of new insulins) have been carried out.11 In
all studies, insulin dose titration included adjustment
of insulin doses to achieve pre-breakfast self-mea-
sured blood glucose values of 4-5 mmol/L (70-90
mg/dL). In addition, the same definition of confirmed
hypoglycemia [plasma glucose <3.1 mmol/L (<56
mg/dL) or severe hypoglycemia] was used throughout
the programme.11 This definition of hypoglycemia
(that is, a low hypoglycemia cut-off level due to the
low target plasma glucose level) was chosen to avoid
false positives and to discriminate hypoglycemia with
neuroglycopenic symptoms. Similarly, nocturnal hy-
poglycemia was defined as confirmed episodes of hy-
poglycemia occurring between 00:01 h and 05:59 h,
in order to minimize confounding by any hypo-
glycemia related to the prandial insulin component in
the basal-bolus studies.11

Hollander and colleagues tested long-term safety
and efficacy of insulin degludec in basal-bolus
scheme. Advanced T2DM patients were randomised
to once-daily IDeg or IGlar, with mealtime insulin as-
part±metformin±pioglitazone, and titrated to pre-
breakfast plasma glucose values of 3.9-4.9 mmol/L.
Mean glycosylated hemoglobin (HbA1c) values de-
creased from 8.2% at baseline to 7.2% after 78 weeks
of treatment with IDeg and from 8.3% to 7.1% with
IGlar and central laboratory measured fasting plasma
glucose (FPG) decreased by 2.4 mmol/L (43 mg/dL)
after 78 weeks of treatment with IDeg and by 2.2
mmol/L (40 mg/dL) with IGlar. This study demon-
strated that patients with advanced T2DM who con-
tinued IDeg therapy experienced long-term
improvements in glycemic control similar to those of
patients treated with IGlar at comparable doses, but
with lower risk of overall and nocturnal confirmed hy-
poglycaemia, with a reduction of 24% with IDeg than
IGlar [estimated rate ratio (ERR) IDeg/IGlar: 0.76
(0.62; 0.94) 95% confidence interval (CI), P=0.011]
and 31% lower with IDeg than IGlar [ERR: 0.69
(0.51; 0.93) 95%CI, P=0.016] respectively. The mean
daily basal insulin dose was 0.76 U/kg and 0.71 U/kg
in the IDeg and IGlar groups, respectively, after 78
weeks; mean daily bolus insulin doses were: 0.21
U/kg and 0.23 U/kg at breakfast, 0.25 U/kg and 0.26
U/kg at lunch, and 0.29 U/kg and 0.30 U/kg at the
main evening meal.14

Also the study in T2DM insulin-naive subjects
confirmed that IDeg is non-inferior to IGlar in terms
of reducing HbA1c concentrations. Clinical data from
insulin-naive patients with T2DM also indicate that,
as seen in T1DM studies, nocturnal confirmed hypo-
glycemia and the total daily insulin dose at the end of
the trial were lower in subjects who received IDeg

compared with those who received IGlar. There was
also a trend towards lower FPG levels with IDeg com-
pared with IGlar in five trials with T2DM, which
reached statistical significance in three of them.14

Ratner and coll. recently published a meta-analysis
about the reduction in the risk of hypoglycemia with
insulin degludec, based on prior discussions with and
subsequent review by regulatory authorities prior to the
unblinding of data for the individual trials. The reduc-
tion in the risk of overall and nocturnal hypoglycemia
with IDeg compared to IGlar was correctly established
at equivalent HbA1c levels. Changes in hypoglycemic
rates across the study timeline were compared between
treatments during the titration period (0-15 weeks of
treatment) and the maintenance period (from 16 weeks
to the end of treatment). The meta-analysis confirmed
that there is a statistically significant reduction in risk
of overall hypoglycemia and nocturnal hypoglycemia
with IDeg compared to IGlar across the entire treat-
ment period. In the population of subjects with T2DM,
the rates of overall and nocturnal confirmed hypo-
glycemia were: 17% and 32% lower, respectively,
across the entire treatment period; 25% and 38%, re-
spectively, during the maintenance phase.15

This pre-planned meta-analysis shows that similar
improvements in HbA1c can be achieved with fewer
hypoglycemic episodes, particularly nocturnal
episodes, with IDeg than with IGlar across a broad
spectrum of patients with diabetes (particularly T2DM
patients), and insulin regimens.15

Long-acting insulin analogues have been devel-
oped to cover the basal requirements of patients with
diabetes but current treatment options generally re-
quire sometime-daily (or even twice-daily) adminis-
tration to ensure optimal glycemic control. This
schedule is often in conflict with everyday variations
in patients’ lives and can be challenging for patients.
Findings suggest that missing or delaying injections
is relatively common and may result in deterioration
of glycemic control. Many patients with diabetes re-
port missing numerous injections, resulting in a sig-
nificant association between self-reported
noncompliance and higher HbA1c levels. Insulin
omission frequency can be significantly affected by
perceived burden of therapy. Greater flexibility in
daily injections may thus benefit all insulin-treated pa-
tients who often need to adjust dosing times.16-21 This
is important in hospital setting, for the management
by nurses and doctors of diabetic inpatients.

Mathieu and coll. investigated the efficacy and
safety of IDeg once daily (OD), varying injection tim-
ing day to day in 493 subjects with type 1 diabetes. This
was a novel trial both for investigators and participants
because it challenged deeply ingrained habits by asking
people with long-standing T1DM to inject basal insulin
at varying daily time points while simultaneously aim-
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ing for the ambitious FPG targets considered attainable
given IDeg’s pharmacokinetic profile.

This 26-week, open-label, treat-to-target, non-in-
feriority trial compared IDeg forced flexible (Forced-
Flex) OD (given in a fixed schedule with a minimum
8 and maximum 40 h between doses) with IDeg or
IGlar given at the same time daily OD. In the 26-week
extension, all IDeg subjects were transferred to a free-
flexible (Free-Flex) regimen, which allowed any-time-
of-day dosing, and compared with subjects continued
on IGlar. There was no difference in observed mean
decrease in HbA1c from baseline to week 26 between
IDeg Forced-Flex (–0.40% points) and IDeg (–0.41%
points). Laboratory-measured FPG decreased from
baseline to week 26 (IDeg Forced-Flex, –1.28; IDeg,
–2.54; IGlar, –1.33 mmol/L), with the most pro-
nounced decline occurring during the first 12 weeks.
No significant difference was seen with IDeg Forced-
Flex vs IGlar, but a greater reduction was seen with
IDeg than with IDeg Forced-Flex [(IDegForced-Flex-
IDeg): 0.95 mmol/L (0.15; 1.75) 95%CI, P=0.021].22

IDeg Free-Flex was not significantly different from
IGlar in lowering HbA1c at week 52, with an upper
95% CI limit below a predefined non-inferiority mark
of 0.4%. Mean FPG decreased from baseline to week
52 with IDeg Free-Flex (–1.73 mmol/L) and IGlar
(–0.61 mmol/L), with a significantly greater reduction
observed with IDeg Free- Flex: –1.07 mmol/L (–1.82;
–0.32) 95%CI, P=0.005].22 The proportion of partici-
pants who attained pre-breakfast self-monitoring
plasma glucose <5.0 mmol/L at week 52 was 17.9%
(IDeg Free-Flex) and 13.8% (IGlar). At week 52,
mean daily basal, bolus, and total insulin doses were
lower by 4%, 18%, and 11%, respectively, with IDeg
Free-Flex vs IGlar. The greater mean total daily insulin
dose with IGlar vs IDeg Free-Flex was due mainly to
a decrease in mean daily bolus insulin dose with IDeg
Free-Flex (0.39 to 0.35 U/kg) and an increase with
IGlar (0.40 to 0.42 U/kg).22

The nocturnal confirmed hypoglycemia rate was
significantly lower with IDeg Forced-Flex than IGlar
[by 40%; (IDegForced-Flex/Iglar): 0.60 (0.44; 0.82)
95%CI, P=0.001] and IDeg [by 37%; (IDegForced-
Flex/IDeg): 0.63 (0.46; 0.86) 95%CI, P=0.003]. Noc-
turnal confirmed hypoglycemia rates were generally
lower with IDeg Forced-Flex than with IGlar and
IDeg, regardless of the day of the week. In the 52-
week extension trial, Nocturnal confirmed hypo-
glycemia rates were significantly lower with IDeg
Free-Flex by 25% [ERR (IDegFree-Flex/IGlar): 0.75
(0.58; 0.97) 95%CI, P<0.026]. Full-year results con-
firmed findings from the 26-week main trial, with the
extension allowing all IDeg subjects the option to dose
more flexibly than at same time daily.22

This concept of flexibility was also tested in pa-
tients with T2DM and the large variation in the injec-

tion time of IDeg did not compromise its efficacy or
safety when compared to IGlar taken at the same time
each day.23

Anticipating or delaying a scheduled daily dose of
basal insulin will affect its concentration in the circu-
lation; however, this effect will be less for insulin
preparations, such as IDeg, with a longer half-life and
duration of action.24 IDeg should be administered
once-daily, however, on occasions when administra-
tion at the same time of the day is not possible or in
the event of a missed dose, IDeg allows for flexibility
in the timing of dose administration provided a mini-
mum of 8 h between injections is ensured.25 The
broader dosing window for IDeg can allow more flex-
ibility in the timing of insulin administration during
the management of hyperglycemic inpatients and it
may allow patients after discharge to use a more con-
venient injection schedule without compromising ei-
ther control of blood glucose levels or safety.

Several recent papers have demonstrated the cost-
effectiveness of IDeg compared to IGlar. A cost-util-
ity model based on both data from a meta-analysis of
phase 3 trials and a questionnaire-based study con-
ducted in Sweden, reported that IDeg was associated
with greater quality adjusted life year (QALY) gains
in patients with T1DM (0.31 vs 0.26 QALYs gained
for IGlar), patients with T2DM requiring basal insulin
(0.76 vs 0.69 QALYs gained) and patients with
T2DM requiring basal-bolus treatment (0.56 vs 0.47
QALYs gained) after one year of treatment.26 While
pharmacy costs for IDeg were higher, these were par-
tially offset by cost savings due to reduced insulin
doses, reduced direct costs of hypoglycemia, reduced
productivity losses and reduced costs of blood glu-
cose monitoring.26 Similarly, two UK-based studies
examined cost-utility of IDeg compared to IGlar in
the context of the UK national health service, in pa-
tients with T1DM and T2DM, using hypoglycemia
rates for IDeg and IGlar from a pre- planned meta-
analysis of phase III clinical trials. In both studies,
IDeg was within the previously reported willingness-
to-pay threshold of £20,000 to £30,000 per QALY. Of
note, sensitivity analyses demonstrated that using
higher baseline non-severe hypoglycemic events re-
sulted in greater cost-effectiveness for IDeg com-
pared to IGlar.27,28

Clinical evidence from the clinical trial pro-
gramme have demonstrated that IDeg provides effec-
tive glycemic control, similar to that observed with
IGlar, but with lower rates of hypoglycemia, in par-
ticular nocturnal hypoglycemia, and a flexibility in
dose timing. Furthermore, our clinical experience (un-
published data) confirms that insulin degludec could
be a useful option for providing glycemic control in
type 2 diabetic inpatients with hyperglycemia, in order
to manage hyperglycemia, hypoglycemic episodes and
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ward needs. A retrospective analysis of our data will
be submitted to the journal in the next months.

Conclusions

Diabetes is an increasingly prevalent diagnosis
among hospitalized patients and many patients have
unrecognized diabetes. Glycemic control in the hos-
pital should become a priority both to enhance quality
and patient safety and to reduce costs related to length
of stay.

In the hospital setting insulin should be the therapy
of choice for the management of hyperglycemia and
basal-bolus with insulin analogue is the appropriate
scheme to use for non-critical ill patients. The limita-
tions of basal analogues as detemir and glargine in-
clude concerns related to their pharmacokinetic and
pharmacodynamic properties, hypoglycemia and per-
ception of management complexity, including rigid
dosing schedules.

The unique pharmacokinetic profile of IDeg facil-
itates glycemic control while minimising the risk of
nocturnal hypoglycemia and its pharmacodynamic
properties offers a broad dosing window, allowing for
flexible dose administration when required. The clin-
ical benefits of tight glycemic control, reduced noc-
turnal hypoglycemia and a more flexible treatment
regimen associated with IDeg may help medical doc-
tors to address the current unmet needs of insulin
therapy management in hospital and patients to over-
come the barriers associated with initiation of basal
insulin therapy.
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