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ABSTRACT

Introduction: Insulin degludec is a new, ultra-

long-acting basal insulin. The aim of this study

was to analyze the changes of basal insulin dose

and blood glucose profile in basal–bolus therapy

of type 1 diabetes mellitus (T1DM) at the

switching of basal insulin from insulin

glargine or detemir to insulin degludec.

Methods: Sixteen patients with T1DM were

enrolled. The patients underwent continuous

glucose monitoring before and after the

switching of insulin glargine or detemir to

degludec. Ten patients treated with insulin

glargine or detemir twice daily, were switched

to insulin degludec with 80–90% of the prior

insulin dose. The remaining six patients treated

with insulin glargine once daily, were switched

to insulin degludec without down titration. The

changes of daily insulin dose and glycated

hemoglobin (HbA1c) were also examined for

12 weeks after switching to insulin degludec.

Results: In the patients switched from twice-

daily basal insulin, no significant difference was

found between before and after switching in the

blood glucose profile. In the once-daily group,

blood glucose levels showed a tendency to

decrease after switching to the degludec

treatment. During the study period, total daily

insulin dose (TDD) and total daily basal insulin

dose (TBD) decreased significantly in the twice-

daily group, and TDD and TBD showed a

tendency to decrease after switching to

degludec in the once-daily group. In both

groups, the changes of HbA1c were not

significantly different.

Conclusion: It is possible to achieve similar

glycemic control with once-daily injection and

lower doses of insulin degludec in patients with
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T1DM who have been treated with insulin

glargine or detemir.

Keywords: Basal–bolus insulin therapy;
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INTRODUCTION

The cornerstone of the treatment of type 1

diabetes mellitus (T1DM), which is

characterized by absolute deficiency of insulin

secretion, is basal–bolus insulin therapy [1].

Physiological insulin secretion from the

pancreas consists of two components, which

are rapid release of insulin in response to food

intake and basal secretion that plays a role in

regulating hepatic glucose release while in

fasting mode at night and between meals [2].

Patients with T1DM often require multiple daily

injection (MDI) therapy using rapid-acting or

ultra-rapid-acting insulin for additional

supplementation and a basal dose of

intermediate-acting or long-acting insulin [2].

In patients with T1DM, MDI therapy aimed at

achieving strict glycemic control was shown to

be effective for preventing the progression of

microvascular disease by the Diabetes Control

and Complications Trial [3].

When intermediate-acting insulin

preparations are used as basal supplementation

in MDI therapy, there can be problems with a

spike of the blood insulin level and an

insufficient duration of action, possibly

causing nocturnal hypoglycemia and early

morning blood glucose elevation [4].

Long-acting insulin preparations such as

insulin glargine and insulin detemir were

developed to overcome these demerits of

intermediate-acting insulin preparations and

achieve basal insulin levels that are more

physiological [5–7]. There have been many

reports so far that these long-acting insulin

preparations decrease the risk of nocturnal

hypoglycemia and also improve glycemic

control compared with intermediate-acting

insulin preparations [8–15].

Recently, insulin degludec (Novo Nordisk

A/S. Bagsværd, Denmark) which is a soluble

dihexamer preparation that forms stable and

soluble multihexamers after subcutaneous

injection has been developed [16]. The

multihexamers remain at the injection site for

some time and gradually dissolve to release

monomers which means that insulin enters the

blood in a slow and sustained manner [16]. The

duration of action of degludec is further

prolonged as the drug binds to albumin via

fatty acid side chains both at the subcutaneous

injection site and in the blood [16]. When 22

Japanese patients with T1DM received

subcutaneous administration of insulin

degludec at 0.4 units (U)/kg once daily for

6 days, the duration of action was reported to be

over 26 h [17].

In a randomized, open-label, multicenter

controlled study, 629 patients with T1DM

underwent basal–bolus therapy for 52 weeks,

in which insulin degludec or glargine was used

as the basal insulin with additional insulin

aspart [18]. Although glycemic control did not

differ, nocturnal hypoglycemia was

significantly less frequent in the degludec

group [18]. In addition, when insulin degludec

and detemir were compared in 456 patients

with T1DM undergoing MDI therapy, non-

inferiority of glycemic control by degludec was

demonstrated using glycated hemoglobin

(HbA1c) as an indicator, while nocturnal

hypoglycemia was significantly less frequent in

the degludec group at 4 weeks after the

initiation of treatment [17].
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In the present study, we examined the

efficacy of insulin degludec in comparison

with insulin glargine or detemir for intensive

insulin therapy in patients with T1DM.

METHODS

Subjects

The subjects of this study were patients with

T1DM who had been treated with MDI therapy

for over 12 months at the Division of Diabetes,

Endocrinology, and Metabolism, Department of

Internal Medicine, Hyogo College of Medicine

(Hyogo, Japan). Patients were included if they

were on treatment with insulin glargine or

detemir as basal insulin therapy, had an

HbA1c of 6.0% or greater and ad libitum

serum C-peptide immunoreactivity (CPR) of

less than 0.3 ng/mL, and exhibited severe

impairment of endogenous insulin secretion.

They underwent continuous glucose

monitoring (CGM) by wearing a portable

monitor and were switched to insulin

degludec. This study was approved by the

Ethics Committee of Hyogo College of

Medicine (No. 1425), and also has been

registered in University hospitals Medical

Information Network registry (No.

000010893). All procedures followed were in

accordance with the ethical standards of the

responsible committee on human

experimentation (institutional and national)

and with the Helsinki Declaration of 1975, as

revised in 2000 and 2008. Informed consent was

obtained from all patients for being included in

the study.

Exclusion criteria were: severe hepatic and/or

renal impairment; severe infection,

perioperative status, or severe trauma;

pregnancy or a desire to become pregnant;

ischemic heart disease (current treatment or

past history); cancer; and other reasons leading

the physician in charge to judge that the patient

was unsuitable.

Medications

In patients who met the inclusion criteria and

were confirmed to not fulfill any of the

exclusion criteria, basal insulin was switched

from insulin glargine or detemir to insulin

degludec. Some patients were receiving insulin

glargine or detemir twice daily (twice-daily

group) while others were receiving basal

insulin glargine once daily (once-daily group).

According to the degludec dosage guide in

Japan published by Novo Nordisk Pharma

(Novo Nordisk Pharma, Ltd. Tokyo, Japan)

[17], to switch to insulin degludec in the

twice-daily group, patients were started on

once-daily degludec at an initial dose that was

80–90% of the total glargine or detemir dose,

and received a daily injection at a time decided

according to their lifestyle. In the once-daily

group, patients were started on once-daily

degludec at the same dose as they had

received during glargine treatment, and the

timing of administration was also the same as

for glargine or detemir. During the 12-week

period, the basal insulin doses were adjusted by

the attending physician as shown in Table 1.

For pre-prandial insulin supplementation,

insulin aspart or insulin lispro had been used

with the dose set by the carbohydrate counting

method before the study and this was

continued unchanged during the study period.

Meals

During the study period, hospitalized patients

were given a diet with a total calorie intake of

25–30 kcal/kg, which consisted of 55–60%

carbohydrate, 15–20% protein, and 20–25%
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fat. Outpatients were given a test diet

(1,500–1,600 kcal/day; 55–60% carbohydrates,

15–20% protein, 20–25% fat) when CGM

evaluation was performed on the day before

and 3 days after switching treatment.

Continuous Glucose Monitoring

The study design is outlined in Fig. 1. For CGM,

CGMS Gold� (Medtronic Minimed, Northridge,

USA) or iProTM 2 (Medtronic Minimed,

Northridge, USA) monitors were used.

Evaluation of the blood glucose profile was

started while the patients were using glargine or

detemir and was continued until the third day

after switching to insulin degludec, when its

blood level reached a steady state [17]. Then the

CGM data obtained before switching and at the

third day after switching were compared.

Glycated Hemoglobin

HbA1c was measured just before, 4 weeks after,

and 12 weeks after switching to degludec.

Statistical Analysis

The Mann–Whitney U test was used to compare

background factors between the twice-daily

group and the once-daily group. The Wilcoxon

signed-ranks test was employed for comparison

between immediately before and 3 days after

switching to degludec, and it was used to

compare the change of HbA1c and insulin

doses until 12 weeks after switching to

degludec. StatView v5.0 software (SAS Institute

Inc., Cary, NC, USA) was used for all analyses.

RESULTS

Patient Characteristics

All values are given as mean ± SD unless

otherwise stated. A total of 16 patients with

T1DM were included in the study. Twelve

patients had a diagnosis by the detection of

islet-associated autoantibodies, and four

patients were diagnosed by their medical

history. The ad libitum CPR levels of 11

patients were less than 0.03 ng/mL (not

detectable), and the mean CPR levels of other

5 patients were 0.08 ± 0.02 ng/mL. Table 2

shows the characteristics of the patients in the

once-daily and twice-daily groups. The twice-

daily group included ten patients (3 male and 7

female). The once-daily group also included six

patients (2 male and 4 female). The mean age of

the twice-daily group was 56.0 ± 17.9 years,

and that of the once-daily group was

69.3 ± 17.6 years, showing no significant

difference. Mean HbA1c was 7.9 ± 1.3% in the

twice-daily group and 8.7 ± 1.6% in the once-

daily group, while mean body mass index was

21.8 ± 3.8 kg/m2 versus 20.6 ± 3.3 kg/m2, with

no significant differences between the two

groups. Disease duration also did not differ

significantly between the two groups, being

14.0 ± 6.0 years in the twice-daily group and

20.3 ± 13.0 years in the once-daily group,

respectively. Total daily insulin dose (TDD)

Table 1 Basal insulin adjustments during the 12-week
study period

Fasting plasma glucose
level (mg/dL)

Dose adjustment

B80 Decreased 10–20%/day

81–150 No adjustment

151–200 Increased 10%/day

(or 1–2 U/day)

C201 Increased 10–20%/day

(or 2–3 U/day)

U units
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was 0.71 ± 0.24 U/kg in the twice-daily group

and 0.54 ± 0.16 U/kg in the once-daily group,

while total daily basal insulin dose (TBD) was

0.29 ± 0.12 U/kg versus 0.21 ± 0.08 U/kg, and

there were no significant differences between

the two groups. The ratio of basal insulin to

total daily insulin was 41.9 ± 12.4% in the

twice-daily group and 37.7 ± 8.9% in the

once-daily group, showing no significant

difference. The basal insulin preparation was

insulin glargine in six out of ten patients from

the twice-daily group and all patients from the

once-daily group. The insulin preparation used

for pre-prandial bolus supplementation was

either insulin aspart or insulin lispro, with

eight patients in the twice-daily group and five

patients in the once-daily group using insulin

aspart.

Insulin Dose

In the twice-daily group, insulin degludec was

initiated at a dose that was reduced to around

80–90% of the prior insulin dose, so TBD

showed a significant decrease from

0.29 ± 0.12 U/kg to 0.25 ± 0.10 U/kg

Fig. 1 Study design. CGM continuous glucose monitoring, HbA1c glycated hemoglobin, W week

Table 2 Characteristics of enrolled patients

Variables Twice daily Once daily P value

n 10 6 –

Sex (male:female) 3:7 2:4 –

Age 56.0 ± 17.9 69.3 ± 17.6 n.s.

HbA1c (%, NGSP) 7.9 ± 1.3 8.7 ± 1.6 n.s.

Body mass index

(kg/m2)

21.8 ± 3.8 20.6 ± 3.3 n.s.

Duration of

diabetes (years)

14.0 ± 6.0 20.3 ± 13.0 n.s.

Glargine 6 6 –

Detemir 4 0 –

TDD/Wt (U/kg) 0.71 ± 0.24 0.54 ± 0.16 n.s.

TBD/Wt (U/kg) 0.29 ± 0.12 0.21 ± 0.08 n.s.

TBD/TDD (%) 41.9 ± 12.4 37.7 ± 8.9 n.s.

n.s. not significant, TBD total daily dose of basal insulin,
TDD total daily dose of insulin, Wt weight
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(P = 0.005) (Table 3A). In addition, the basal

insulin to total daily insulin ratio was

significantly decreased from 41.9 ± 12.4% to

38.6 ± 11.6% (P = 0.005) (Table 3A). In the

once-daily group, the insulin dose was the

same before and after switching to degludec

(0.21 ± 0.08 U/kg) and the ratio of basal

insulin to total daily insulin was also the

same before and after switching (37.7 ± 8.9%;

Table 3B).

Furthermore, TDD (Fig. 2a) and TBD (Fig. 2b)

after 12 weeks in the twice-daily group were

significantly decreased. TDD and TBD after

12 weeks in the once-daily group had a

tendency to decrease compared with before

switching to degludec (TBD: p = 0.067, TDD:

p = 0.067; Fig. 2).

Comparison of Continuous Glucose

Monitoring Findings

Mean Daily Blood Glucose Level

In the twice-daily group, the mean blood

glucose level was 154.8 ± 34.0 mg/dL and

149.6 ± 29.7 mg/dL before switching and

3 days after switching to insulin degludec,

respectively, showing no significant change

(Table 3A). In the once-daily group, the mean

blood glucose level exhibited a tendency to

decrease from 179.5 ± 41.0 mg/dL before

switching to 140.5 ± 35.1 mg/dL 3 days after

switching to insulin degludec (P = 0.075;

Table 3B). The standard deviation showed no

significant change in the twice-daily group

(58.5 ± 23.6 mg/dL before switching and

Table 3 Daily blood glucose control and insulin dose in patients treated with twice daily of detemir or glargine (A) and
once daily of glargine (B)

Detemir or glargine Degludec P value

(A)

Mean (mg/dL) 154.8 ± 34.0 149.6 ± 29.7 n.s.

SD (mg/dL) 58.5 ± 23.6 51.7 ± 23.0 n.s.

Nocturnal hypoglycemia (0000–0600 hours, case) 4 2 –

TDD (U/kg) 0.71 ± 0.24 0.69 ± 0.23 0.005

TBD (U/kg) 0.29 ± 0.12 0.25 ± 0.10 0.005

TBD/TDD (%) 41.9 ± 12.4 38.6 ± 11.6 0.005

Glargine Degludec P value

(B)

Mean (mg/dL) 179.5 ± 41.0 140.5 ± 35.1 0.075

SD (mg/dL) 51.8 ± 16.3 50.2 ± 19.2 n.s.

Nocturnal hypoglycemia (0000–0600 hours, case) 0 2 –

TDD (U/kg) 0.54 ± 0.16 0.54 ± 0.16 n.s.

TBD (U/kg) 0.21 ± 0.08 0.21 ± 0.08 n.s.

TBD/TDD (%) 37.7 ± 8.9 37.7 ± 8.9 n.s.

n.s. not significant, TBD total daily dose of basal insulin, TDD total daily dose of insulin
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51.7 ± 23.0 mg/dL at 3 days after switching;

Table 3A). There was also no significant

change in the once-daily group

(51.8 ± 16.3 mg/dL before switching and

50.2 ± 19.2 mg/dL at 3 days after switching;

Table 3B).

Nocturnal Hypoglycemia

Nocturnal hypoglycemia was defined as a blood

glucose level of less than 70 mg/dL between

0000 and 0600 hours based on CGM data. In

the twice-daily group, four patients developed

nocturnal hypoglycemia before switching to

insulin degludec and two patients had

nocturnal hypoglycemia at 3 days after

switching (Table 3A). In the once-daily group,

none of the patients had nocturnal

hypoglycemia before switching insulin

degludec and two patients had nocturnal

hypoglycemia at 3 days after switching

(Table 3B).

Nighttime and Daytime Blood Glucose

Fluctuations

When the nighttime period was defined as

between 0000 and 0600 hours, the area under

the blood glucose concentration versus time

curve from 0000 to 0600 hours (AUC

0000–0600 hours) was 730.3 ± 294.6 mg h/dL

before switching to insulin degludec and

933.6 ± 390.0 mg h/dL at 3 days after

switching in the twice-daily group, showing

no significant change (Table 4). In the once-

daily group, the AUC 0000–0600 hours was

from 925.3 ± 297.2 mg h/dL before switching

to 907.9 ± 573.6 mg h/dL after switching,

showing no significant change (Table 4).

Between 1600 and 1800 hours, since the

influence of diet would be small and the

effects of daytime basal insulin are easy to

evaluate, CGM data which were mainly

controlled with basal insulin showed that the

area under the blood glucose concentration

Fig. 2 Changes in TDD (a), TBD (b), and TBD/TDD (c) just before, 0, 4, and 12 weeks after switching to degludec.
*P\0.05 and #P\0.01 versus baseline (glargine or detemir). Deg degludec, n.s. not significant
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versus time curve from 1600 to 1800 hours

(AUC 1600–1800 hours) was from

523.3 ± 251.3 mg h/dL before switching to

425.1 ± 118.3 mg h/dL at 3 days after

switching to insulin degludec in the twice-

daily group, showing no significant change.

In the once-daily group, the AUC

1600–1800 hours decreased significantly from

547.0 ± 241.5 mg h/dL before switching to

346.8 ± 115.3 mg h/dL after switching

degludec (P = 0.046).

Glycated Hemoglobin

There was no significant change in HbAlc after

12 weeks in the once-daily group (from

7.9 ± 1.3% to 7.6 ± 1.4%), as well as in the

twice-daily group (from 8.7 ± 1.6% to

8.1 ± 1.2%; Fig. 3).

DISCUSSION

Previous studies compared insulin degludec

with insulin glargine or detemir and showed

that glycemic control was similar, but the

frequency of nocturnal hypoglycemia was

lower in the degludec group [18–23]. Heise

et al. [24] showed degludec had a significantly

more predictable glucose-lowering effect from

day to day variability than glargine. However,

no previous study assessed the changes of blood

glucose or compared insulin doses just after

switching to insulin degludec. The present

study demonstrated the changes of glucose

fluctuation and insulin dosage immediately

after switching from insulin glargine or

detemir to insulin degludec in patients with

Japanese T1DM.

In this study, CGM did not reveal any

significant changes of the AUC

0000–0600 hours, or the frequency of

hypoglycemia after switching to insulin

degludec. In the once-daily group, switching

to insulin degludec was performed with the

same dose and timing of insulin administration

as before switching, but the blood glucose level

showed a tendency to decrease within a few

days of starting degludec. In the twice-daily

group, treatment was initiated at a lower dose

insulin degludec (reduced by 10–20%)

compared with that of insulin glargine or

Table 4 Blood glucose area under the curve during
0000–0600 hours (A) and 1600–1800 hours (B) in
patients treated with twice or once basal insulin

Twice daily Once daily

Detemir or
glargine

Degludec Glargine Degludec

(A) AUC 0000–0600 hours (mg h/dL)

Mean 730.3 933.6 925.3 907.9

SD 294.6 390.0 297.2 573.6

P value n.s. n.s.

(B) AUC 1600–1800 hours (mg h/dL)

Mean 523.3 425.1 547.0 346.8

SD 251.3 118.3 241.5 115.3

P value n.s. 0.046

AUC area under the curve, n.s. not significant

Fig. 3 Changes in glycated hemoglobin just before,
4 weeks after, and 12 weeks after switching to degludec
versus baseline. n.s. not significant, W week
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detemir, but CGM revealed no significant

change of the mean blood glucose level.

It is possible that there was a residual effect

of insulin glargine or detemir administered

immediately before switching to degludec,

since insulin glargine has a half-life of

approximately 12 h and its duration of action

is about 24 h, while insulin detemir has a half-

life of about 8–10 h and its duration of action is

also about 24 h. It has been reported that the

duration of action of these insulins is prolonged

in a dose-dependent manner [25]. However,

CGM evaluation was performed 3 days after

switching to insulin degludec in the present

study and it is unlikely that the effect of

glargine or detemir could persist until the

third day. There is also a possibility that

insulin degludec has a slightly stronger

hypoglycemic effect compared with the same

dose of glargine or detemir.

Heller et al. [18] has compared insulin

degludec with insulin glargine for 52 weeks

and showed that the mean values for TBD and

TDD were significantly lower in the insulin

degludec group relative to the insulin glargine

group. Even in our study, 16 patients with type

1 diabetes mellitus, TBD and TDD were

decreased after 12 weeks of treatment.

These results suggest that in patients who

have already achieved good glycemic control,

with lower fasting glucose levels and

hypoglycemia easily, switching to insulin

degludec would probably to be initiated at a

lower insulin dose than that administered other

basal insulin, in order to avoid an increase of

hypoglycemia. Even when a patient is on twice

daily with other basal insulin, decreasing the

dose of insulin degludec is likely to be required.

On the other hand, some studies reported that

TDD and TBD were similar between insulin

degludec and insulin glargine or detemir

[20, 21].

Previous studies in patients with T1DM

who were treated with insulin glargine or

detemir showed that the ratio of basal insulin

to total daily insulin was about 50–60% [26,

27]. Another study in diabetic patients who

treated with insulin degludec reported that

the basal/bolus ratio was about 47:53 [18]. But

several studies reported that the ratio of basal

to total daily insulin was about 30–40% in

Japanese patients with T1DM who were

treated with insulin detemir, glargine or

degludec [20, 28, 29]. The lower daily basal

insulin dose in Japanese type 1 diabetes

mellitus is probably explained by the

generally higher carbohydrate content in

Japan [30]. In this study, in the twice-daily

group, the mean basal/bolus ratio was 42/58

before switching and 36/64 after 12 weeks. In

the once-daily group, the mean basal/bolus

ratio was 38/62 before switching and 35/65

after 12 weeks. These findings do not differ

greatly from previous studies in Japan [20, 28,

29, 31].

When once-daily injection of insulin

glargine or detemir is used as basal insulin in

insulin-depleted patients, they often show large

diurnal variations of blood glucose due to the

dawn phenomenon or Somogyi effect [32]. In

these patients, it was reported that glycemic

control can be improved by splitting the basal

insulin dose and giving it twice daily [31, 33]. In

the present study, 10 patients have been

receiving twice-daily insulin glargine or

detemir, so far. The present study

demonstrates that changing from twice-daily

administration of long-acting insulin to once-

daily insulin degludec can maintain the

glycemic control with lower number of

injection.

The present trial was subject to certain

limitations. It was short duration and limited

sample size. In addition, the present study was

Diabetes Ther (2013) 4:461–472 469

123



open-label in design and non-cross over trial.

Therefore, larger sample size and double-blind

crossover comparison may be necessary.

CONCLUSION

In patients with T1DM minimal endogenous

insulin secretion, stable supplementation of

basal insulin is essential to achieve good

glycemic control, although some studies have

been reported that conventional long-acting

insulin preparations require twice-daily

administration in many of these patients

[31, 33]. The results of the present study

suggest that it is possible to achieve similar

glycemic control by switching to once-daily

insulin degludec in patients who are receiving

conventional twice-daily long-acting insulin.
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