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Abstract

Objective The aim of this study was to analyze the

changes in daily blood glucose fluctuation and insulin dose

in patients with type 1 diabetes mellitus (T1DM) under-

going basal-bolus therapy following a switching of basal

insulin used from insulin glargine or detemir to insulin

degludec.

Methods Seven patients with T1DM were enrolled. All

patients treated with insulin glargine or detemir twice daily

were switched to insulin degludec with 80–90 % of the

prior insulin dose. During the study period, the basal

insulin doses were adjusted by the attending physician. The

patients underwent continuous glucose monitoring before,

3 days after, and 24 weeks after switching to insulin de-

gludec. The daily insulin dose was analyzed before, 3 days

after, and 24 weeks after switching. Glycated hemoglobin

levels were measured before and 24 weeks after switching.

Results The blood glucose profile did not change signif-

icantly before and after switching. On the other hand, the

total daily insulin dose and total daily basal insulin dose

decreased significantly 24 weeks after switching.

Discussion In patients with T1DM undergoing insulin

glargine or detemir treatment, it is possible to achieve

similar glycemic control in the medium term with a once

daily, lower dose of insulin degludec.

1 Introduction

Patients with type 1 diabetes mellitus (T1DM) often require

multiple daily injection (MDI) therapy consisting of a basal

dose of intermediate- or long-acting insulin coupled with a

rapid- or ultra-rapid-acting insulin as a supplemental agent

[1]. For patients with T1DM suffering from the lack of

endogenous insulin secretion, stable supplementation of

basal insulin is essential to achieve good glycemic control

[1]. Several reports have shown that to achieve glycemic

control in patients with T1DM, it is necessary to inject basal

insulin in two divided doses twice a day [2, 3].

Recently, insulin degludec (Novo Nordisk A/S, Bags-

værd, Denmark), a soluble dihexamer preparation that

forms stable and soluble multihexamers after subcutaneous

injection, has been developed [4]. The multihexamers

remain at the injection site for some time and gradually

dissolve to release insulin monomers into the blood in a

slow and sustained manner [4]. Degludec has prolonged

activity as it binds to albumin via fatty acid side chains

both at the subcutaneous injection site and in the blood [4].

In 22 Japanese patients with T1DM who received subcu-

taneous 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 [5].

In our previous study, we showed that it was possible to

achieve similar glycemic control by once-daily injection of

a lower dose of insulin degludec in patients with T1DM

who had been treated with insulin glargine or detemir twice

daily [6]. Another study reported that insulin degludec

lessens day-to-day variability of blood glucose levels as

compared with insulin glargine [7]. However, there is no

report on the medium-term effects of insulin degludec on

glucose fluctuation and nocturnal hypoglycemia in patients

with T1DM.
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This is a follow-up of our previous study on insulin de-

gludec [6]. The aim of this study was to analyze the medium-

term effects of switching from insulin glargine or detemir to

insulin degludec on daily blood glucose fluctuation, glycated

hemoglobin (HbA1c), and total daily insulin dose (TDD).

2 Methods

2.1 Subjects

In our previous study, ten patients were treated with twice-

daily injection of insulin glargine or detemir. However,

three patients refused to undergo continuous glucose mon-

itoring (CGM) 24 weeks after switching for personal rea-

sons. The subjects of this study were seven patients (three

males and four females) 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). Inclusion criteria were treatment with insulin glar-

gine or detemir as basal insulin therapy, HbA1c of C6.0 %,

ad libitum serum C-peptide immunoreactivity (CPR) of

\0.3 ng/mL, and severe impairment of endogenous insulin

secretion. Exclusion criteria were severe hepatic and/or

renal impairment, severe infection, perioperative status,

severe trauma, pregnancy or desire to become pregnant,

ischemic heart disease (current or past), cancer, and other

criteria by which the leading physician judges the patient as

unsuitable. The study subjects underwent CGM by wearing

a portable monitor. This study was approved by the Ethics

Committee of Hyogo College of Medicine (No. 1425) and

was registered in the University Hospitals Medical Infor-

mation Network registry (No. 000010893). All procedures

were in accordance with the ethical standards of the

responsible committee on human experimentation (institu-

tional 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.

2.2 Medications

Seven patients enrolled in this study were treated by twice-

daily injection of insulin glargine or detemir. According to

the degludec dosage guide in Japan (Novo Nordisk Pharma,

Ltd., Tokyo, Japan) [5], patients were started with twice-daily

injection of insulin glargine or detemir and then switched to

once-daily injection of degludec at an initial dose that was

80–90 % of the respective dose of glargine or detemir [5].

Degludec was administered at a time of day suitable for

their lifestyle. During the study period, the basal insulin

doses were adjusted by the attending physician in a titration

protocol as shown in Table 1.

For pre-prandial insulin supplementation, insulin aspart

or lispro was administered at a dose set by the carbohydrate

counting method, which remained unchanged throughout

the study period.

2.3 Meals

During the study period, all patients were given a test diet

(1,500–1,600 kcal/day; 55–60 % carbohydrates, 15–20 %

protein, 20–25 % fat) when CGM evaluation was per-

formed before and 3 days and 24 weeks after switching to

insulin degludec (Fig. 1).

2.4 Continuous Glucose Monitoring (CGM)

The study design is shown in Fig. 1. CGM was performed

using an iProTM 2 (Medtronic Minimed, Northridge, CA,

USA) monitor before, 3 days after, and about 24 weeks

after switching to insulin degludec. Evaluation of the CGM

data 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 concentration

reached steady state [5]. The CGM data obtained before

switching and at the third day after switching were then

compared. Furthermore, evaluation of the glucose profile at

24 weeks was conducted on the second day.

2.5 Glycated Hemoglobin

HbA1c was measured just before switching and when CGM

evaluation was performed at about 24 weeks after switch-

ing to insulin degludec.

2.6 Statistical Analysis

Variables are expressed as the mean ± SD. The Wilcoxon

signed-ranks test was used to compare daily glucose fluc-

tuations and the change of insulin dose before and 3 days

after switching to degludec. This test was also used to

compare daily glucose fluctuations and the change of

Table 1 Fasting plasma glucose levels and basal insulin doses during

the 24-week study period

Fasting plasma glucose level

(mg/dL)

Dose adjustment of degludec

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

134 R. Nakae et al.



HbA1c and insulin doses until about 24 weeks after

switching to degludec. StatView version 5.0 software (SAS

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

3 Results

3.1 Patient Characteristics

Five of the seven patients included in this study were

diagnosed as having T1DM by the detection of islet-asso-

ciated autoantibodies, and the other two cases by their

medical history. In all cases, ad libitum CPR levels were

less than 0.03 ng/mL (not detectable).

The clinical characteristics of the patients are shown in

Table 2. The mean age (± standard deviation) was

51.9 ± 16.6 years, HbA1c was 7.3 ± 0.9 %, and the body

mass index was 21.3 ± 2.9 kg/m2. TDD was 0.71 ±

0.40 U/kg and total daily basal insulin dose (TBD) was

0.32 ± 0.17 U/kg. The ratio of TBD to TDD (TBD/TDD)

was 44.8 ± 12.8 %. Insulin glargine was used as the basal

insulin preparation in six of seven patients. As supplemental

insulin, ultra-rapid-acting insulin was used in all patients,

insulin lispro in two patients, and insulin aspart in five.

3.2 Insulin Dose

Insulin degludec was administered at 80–90 % of the dose

of the prior insulin, resulting in a significant decrease in

TDD from 0.71 ± 0.40 to 0.67 ± 0.39 U/kg (p = 0.02)

(Fig. 2a). TBD also showed a significant decrease from

0.32 ± 0.17 to 0.27 ± 0.17 U/kg (p = 0.02) (Fig. 2b). In

addition, TBD/TDD decreased significantly from

44.8 ± 12.3 to 40.7 ± 11.7 % (p = 0.02) (Fig. 2c). Sig-

nificant decreases were observed with TDD, TBD, and

TBD/TDD after about 24 weeks of use of insulin degledec

(TBD: p = 0.03, TDD: p = 0.02, TBD/TDD: p = 0.03)

(Fig. 2a–c).

0W
HbA1c
CGM

24W
HbA1c
CGM

detemir
or

glargine

degludec

0th 1st 2nd 3rd 4th

test diet

test diet

CGM CGM

degludec
0th 1st 2nd 3rd 4th

test diet

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

Table 2 Characteristics of enrolled patients

Variables Detemir or Glargine

twice daily

n 7

Sex (male:female) 3:4

Age (years) 51.9 ± 16.6

HbA1c (%, NGSP) 7.3 ± 0.9

BMI (kg/m2) 21.3 ± 2.9

Duration of diabetes mellitus (years) 13.7 ± 6.5

Glargine (number of cases) 6

Detemir (number of cases) 1

TDD/Wt (U/kg) 0.71 ± 0.40

TBD/Wt (U/kg) 0.32 ± 0.17

TBD/TDD (%) 44.8 ± 12.8

Data are given as mean ± SD unless otherwise stated

HbA1c glycated hemoglobin, NGSP national glycohemoglobin stan-

dardization program, TBD total daily dose of basal insulin, TDD total

daily dose of insulin, U units, Wt weight
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3.3 Comparison of CGM Findings

3.3.1 Mean Daily Blood Glucose Level

The mean blood glucose level showed no significant

changes before and after switching from insulin glargine or

detemir to insulin degludec (Fig. 3a).

No significant changes were also observed with the

standard deviation (Fig. 3b) and mean amplitude of gly-

cemic excursion (MAGE) (Fig. 3c) throughout the study

period.

3.3.2 Nocturnal Hypoglycemia

Nocturnal hypoglycemia is defined as a blood glucose level

of less than 70 mg/dL between 0000 and 0600 hours based

on CGM data. Two patients developed nocturnal hypo-

glycemia before switching to insulin degludec, and two

patients had nocturnal hypoglycemia at 24 weeks after

switching to insulin degludec.

3.3.3 Night-Time Blood Glucose Fluctuations

When the night-time period was defined as between 0000

and 0600 hours, the area under the blood glucose concen-

tration–time curve (AUC) from 0000 to 0600 hours was

782.7 ± 277.2 mg�h/dL before switching to insulin de-

gludec and 890.3 ± 371.9 mg�h/dL at 3 days after

switching, showing no significant change (Fig. 3d). No

significant changes in the AUC from 0000 to 0600 hours

were also observed after 24 weeks of use of insulin de-

gludec (859.3 ± 399.8 mg�h/dL) (Fig. 3d).

3.4 Glycated Hemoglobin

HbA1c showed no significant changes in the 24 weeks after

changing the type of insulin (from 7.3 ± 0.9 to

7.5 ± 1.0 %).

4 Discussion

Previous studies have shown that insulin degludec and

insulin glargine or detemir achieve similar glycemic con-

trol, but the frequency of nocturnal hypoglycemia was

lower in patients treated with insulin degludec [8–13].

Heise et al. [14] showed that degludec had a significantly

more predictable glucose-lowering effect on day-to-day

variability than glargine. However, to date, no previous

studies have assessed the medium-term effects of insulin

degludec on blood glucose fluctuations and nocturnal

hypoglycemia in patients with T1DM.

In this study, CGM did not reveal any changes of the

frequency of nocturnal hypoglycemia at 24 weeks after

switching to insulin degludec. We also found no significant

changes in blood glucose fluctuation 3 days and 24 weeks

after switching to insulin degludec at a lower dose than that

of insulin glargine or detemir. These results suggest that
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insulin degludec has a stronger hypoglycemic effect than

glargine or detemir and may be used at a lower dose than

other basal insulins in the treatment of patients, with lower

fasting glucose levels and easily manageable hypoglyce-

mia. Another study also reported similar results [15].

When once-daily injection of insulin glargine or detemir

is used as basal insulin in patients with T1DM, large

diurnal variations of blood glucose frequently develop due

to the dawn phenomenon or Somogyi effect [16]. It has

been reported that glycemic control in these patients can be

improved by splitting the basal insulin dose into two por-

tions to be given separately [2, 3]. In the present study, all

patients received twice-daily injection of insulin glargine

or detemir prior to switching to degludec. Our results

showed that once-daily injection of insulin degludec can

maintain the glycemic control obtained by twice-daily

administration of long-acting insulin.

The present study was open-label in design and was

a non-crossover trial. Further work using a larger

sample size and double-blind crossover comparison is

desired.

5 Conclusion

In patients with T1DM, stable supplementation of basal

insulin is essential to achieve good glycemic control. This

study shows that it is possible to achieve similar glycemic

control in the medium term with once-daily injection and

lower doses of insulin degludec.
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