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ABSTRACT

Introduction: Basal insulin should be injected
at the same time each day, but people with dia-
betes sometimes mistime their injections. It is
not known whether irregular daily dose timing
affects diabetes-related factors. We report here
our evaluation of the effects of deviations from a
regular dosing schedule on glycemic control and
hypoglycemia on patients treated with
long-acting insulin (insulin glargine U100). We
also consider the effects of ultra-long-acting
insulin (insulin degludec) in this context.

Methods: Nineteen individuals with type 1
diabetes and 58 with type 2 diabetes were
enrolled. Demographic data on all participants
were retrieved from their medical records.
Variation in dose timing was determined as the
difference between the time of the earliest
mistimed dose and the time of the latest mis-
timed dose, for each participant, over a 2-week
period. All participants completed the Summary
of Diabetes Self-Care Activities questionnaire,
Problem Areas in Diabetes scale and 5-Item
World Health Organization Well-being Index.
Glargine U100 was switched to degludec in
those individuals with type 2 diabetes who
achieved inadequate glycemic control or suf-
fered from frequent hypoglycemic episodes or
who required two injections per day, and
changes in hemoglobin A1c level and frequency
of hypoglycemic episodes during the 12-week
period were compared.
Results: A greater difference in dose timing was
related to a higher frequency of hypoglycemic
episodes and overweight in persons with type 2
diabetes. Smoking, drinking and living alone
were independently associated with a greater
difference in dose timing. Insulin degludec
decreased the frequency of hypoglycemia and
improved glycemic control in participants
whose dose mistiming was[120 min.
Conclusion: Fixed dose timing should be
employed for basal insulin, as a larger difference
in dose timing worsens diabetes-related factors.
Insulin degludec improved glycemic control
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and lowered the hypoglycemia rate in persons
with more irregular dose timing.
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Type 1 diabetes; Type 2 diabetes

INTRODUCTION

Basal insulin is frequently used to treat all types
of diabetes mellitus. The position statement of
the American Diabetes Association and the
European Association for the Study of Diabetes
on the management of hyperglycemia in per-
sons with type 2 diabetes states that basal
insulin should be considered an essential com-
ponent of the treatment strategy for any per-
sons not achieving an agreed-upon glycated
hemoglobin (HbA1c) target [1]. Basal insulin is
also indispensable for persons with type 1 dia-
betes to maintain glycemic control within the
target range and participate in normal daily
activities [2].

During the last decade, long-acting insulin
(glargine U100 and detemir) has become the
main basal insulin in both type 1 and type 2
diabetes, as it contributes to better glycemic
control and fewer hypoglycemic episodes when
compared to intermediate-acting insulins [3–5].
A recent study also reported that patient-led
insulin glargine titration achieved near-target
blood glucose levels in uncontrolled type 1 [6]
and type 2 diabetes [7]. The treatment of most
patients with type 1 and type 2 diabetes consists
of injections of long-acting insulins once a day;
these insulins should be injected at the same
time each day because the effectiveness of each
dose is close to 24 h [8–14].

However, it is sometimes difficult and
inconvenient for people with diabetes to follow
clinical practice guidelines and inject them-
selves with long-acting insulin at the same time
each day. Indeed, it has been reported that
27.6% of people with type 1 or type 2 diabetes
have difficulty maintaining a regular daily dose
schedule (i.e. injecting themselves with insulin
at the same time each day). Physicians have
generally considered that 81.4% of people with

diabetes fail to take basal insulin at the same
time each day and that 71.1% fail to take basal
insulin due to a busy lifestyle or travel com-
mitments [15]. In general, most people with
diabetes find it difficult to incorporate basal
insulin injections into their daily life, partly due
to changing daily routines [16].

It is as yet unknown whether differences in
the injection time of long-acting insulin affects
glycemic control and safety in the clinical set-
ting. We therefore compared variations in
injection dose timing of insulin glargine U100
in daily life in people with type 1 or type 2
diabetes in terms of its association with gly-
cemic control, hypoglycemia (frequency of
hypoglycemic episodes) and body weight. We
also evaluated whether an ultra-long-acting
insulin, insulin degludec, has a beneficial effect
on glycemic control and hypoglycemia in per-
sons with type 2 diabetes who were found to
have large variations in dose timing, inadequate
glycemic control or frequent hypoglycemic
episodes.

We found that 78.9% of persons with type 1
diabetes self-administered insulin glargine U100
within 120 min of the agreed dosing time. In
those with type 2 diabetes, however, approxi-
mately 50% reported irregularities in the timing
of glargine U100 injections that were beyond
120 min of the agreed dosing time. We also
found that a variation in dose timing of
[240 min was associated with an increased
frequency of hypoglycemia and that an even
larger difference in dose timing induced weight
gain. Switching the type 2 diabetes patient from
insulin glargine U100 to insulin degludec
improved glycemic control and decreased the
frequency of hypoglycemia in participants who
tended to mistime doses by C120 min in a
12-week investigation.

METHODS

Participants

Outpatients of Kyoto University Hospital were
recruited continuously for the study. The out-
patients eligible for inclusion were those aged
C20 years with type 1 diabetes treated with
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bolus insulin and long-acting insulin (glargine
U100) or type 2 diabetes treated with long-act-
ing insulin (glargine U100) ± bolus
insulin ± oral antidiabetic agents. Exclusion
criteria were outpatients who received insulin
injection by someone other than themselves,
had severe diabetes complications and comor-
bidities (e.g. severe cardiovascular disease, liver
and renal disorders, anemia, malignancy,
dementia, sarcopenia), secondary diabetes,
depression or psychiatric problems, were unable
to follow trial procedures and/or were judged
unsuitable for this study by physicians. The
study protocol was approved by the Institu-
tional Review Board of Kyoto University
Hospital (E2313). All procedures followed were
in accordance with the ethical standards of the
responsible committee on human experimen-
tation (institutional and national) and with the
Helsinki Declaration of 1964, as revised in 2013.
Informed consent was obtained from all par-
ticipants for inclusion in the study. A total of 23
persons with type 1 diabetes and 66 persons
with type 2 diabetes were judged eligible for
entry into the survey; ultimately 22 persons
with type 1 diabetes (95.7%) and 63 persons
with type 2 diabetes (95.5%) participated fol-
lowing refusal by some of those eligible.
Excluding those with incomplete data, 19 type
1 diabetes (82.6%) and 58 type 2 diabetes
(87.9%) outpatients were included in the final
analysis.

Procedures and Measurements

This was a cross-sectional study. All data were
collected by certified diabetes educators
between July and December 2014. Participants
were asked to record dose timing of glargine
U100 for 2 weeks. Difference in dose timing was
determined as the time difference (min)
between the earliest and the latest injection
time during a 2-week period, as 2 weeks of
monitoring is believed to reflect glycemic con-
trol during the subsequent 3 months [17]. All
participants completed questionnaires on
self-management performance and psychologi-
cal state. Self-management performance was
evaluated by The Summary of Diabetes Self-Care

Activities (SDSCA) questionnaire [18, 19], were
a higher mean score for each subscale indicates
a higher level of each self-care practice. Psy-
chological states were measured using the
Problem Areas in Diabetes (PAID) scale [20, 21]
and the 5-Item World Health Organization
Well-being Index (WHO-5) [22–24].

The demographics of all participants were
retrieved from medical records and by self-re-
porting, including age, sex, academic back-
ground, family structure, work status and
drinking and smoking habits. Hypoglycemia
was confirmed by the self-monitoring record of
blood glucose during a 1-month period,
including the 2-week recording of injection
times, and was defined as a blood glucose level
of B70 mg/dl [2, 25]. Body mass index (BMI)
was calculated as body weight (kilogram) divi-
ded by height (meter) squared.

We retrospectively evaluated glycemic con-
trol (HbA1c) and frequency of hypoglycemia
(episodes/month) in persons with type 2 dia-
betes who met specific criteria during a 12-week
period based on the difference in dose timing
after the study participant had been switched
from insulin glargine U100 to ultra-long-acting
insulin (insulin degludec). For entry into this
specific analysis, participants with type 2 dia-
betes had to meet the following criteria based
on the results of the preceding 2-weeks: HbA1c
[8.0%; more than one hypoglycemic episode
per week; twice-daily injection of glargine
U100; variation in injection time of [120 min
from the scheduled dosing; forgetting to
administer an insulin glargine U100 injection.

Statistical Analysis

Data are expressed as the mean ± standard
deviation for continuous variables and as a
number with percentage for categorical vari-
ables, unless otherwise noted. Student’s t test
was used to compare continuous variables of
participant demographics and difference in
dose timing of insulin glargine U100, and the
Chi-square test was used to compare categorized
variables. To examine the relationship between
variables, we used bivariate Pearson correlations
and to compare the mean HbA1c level, fasting
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plasma glucose levels and frequency of hypo-
glycemia between groups separated by the dif-
ference in dose timing of insulin glargine U100,
we used the Dunnett multiple comparison test.
A multiple linear regression analysis using a
stepwise variable entry method was performed
in type 2 diabetes to evaluate the factors asso-
ciated with dose timing of insulin glargine
U100. The independent variables were selected
based on hypothesis testing or associations of
correlations relevant to the demographic data,
participant background and lifestyle habits (a
p value of\0.2 was set for inclusion). Age and
sex were adjusted in the multiple linear regres-
sion analysis.

Finally, the dependent samples Student’s
t test was used to compare the mean of HbA1c
level and the frequency of hypoglycemia
between 0 and 12 weeks after switching the type
2 diabetes patient from insulin glargine U100 to
insulin degludec. For all analyses, p values
of\0.05 were considered to be statistically sig-
nificant. Data analyses were performed using
SPSS statistics version 20.0 (IBM Corp., Armonk,
NY).

RESULTS

Participants

Of the 23 persons with type 1 diabetes and 66
persons with type 2 diabetes eligible for entry
into the study, 19 (82.6%) of those with type 1
diabetes and 58 (87.9%) of those with type 2
diabetes completed the study (Table 1).

Study participants with type 1 diabetes
(42.1% female) had a mean age of
55.8 ± 21.8 years, mean BMI of 22.2 ± 3.0 kg/
m2, mean HbA1c level of 7.8 ± 1.0%
(62.0 ± 10.9 mmol/mol), mean fasting plasma
glucose level of 171.2 ± 89.9 mg/dl; the fre-
quency of hypoglycemia was 7.7 ± 9.9 episo-
des/month. The total daily insulin dose was
34.4 ± 13.2 U, and the dose of insulin glargine
U100 was 15.1 ± 8.7 U. The mean difference in
dose timing of insulin glargine U100 was
101.2 ± 48.6 min. Of these persons with type 1
diabetes, 47.4% were administered insulin glar-
gine U100 twice daily. There was no significant

difference in baseline characteristics between
those with once-daily and twice-daily injections
(data not shown).

Study participants with type 2 diabetes
(39.7% female) had a mean age of
68.9 ± 11.2 years, mean BMI of 24.5 ± 4.0 kg/
m2, mean HbA1c level of 8.0 ± 1.1%
(64.0 ± 12.0 mmol/mol), mean fasting plasma
glucose level of 146.2 ± 41.0 mg/dl; the fre-
quency of hypoglycemia was 1.3 ± 3.3 episo-
des/month. The total daily insulin dose was
24.3 ± 16.0 U, and the daily dose of insulin
glargine U100 was 16.1 ± 8.8 U. The mean dif-
ference in dose timing of insulin glargine U100
was 128.2 ± 82.9 min. Of these persons with
type 2 diabetes, 22.4% were administered insu-
lin glargine U100 twice daily. There were no
significant differences in HbA1c and frequency
of hypoglycemia between those with once-daily
and twice-daily injections, but the total daily
dose of insulin glargine U100 was significantly
higher for those receiving twice-daily injections
(data not shown).

Bolus insulin, sulfonylureas, metformin and
a dipeptidyl peptidase-4 inhibitor were used by
21 (36.2%), 26 (44.8%), 6 (10.3%), and 36
(62.1%) study participants, respectively. There
were significant differences in age (p = 0.020),
BMI (p = 0.031), frequency of hypoglycemia
(p = 0.012) and total daily insulin dose
(p = 0.015) between persons with type 1 dia-
betes and those with type 2 diabetes.

Difference in Dose Timing of Insulin
Glargine U100 and Glycemic Control

There were dose timing differences for insulin
glargine U100 among the study participants
with type 1 diabetes, with 5 persons (26.3%)
found to have a dose time difference of 0–60
min, 10 persons (52.6%) with a dose time dif-
ference of 61–120 min, 3 persons (15.8%) with a
dose time difference of 121–180 min and 1
person (5.3%) with a dose time difference of
181–240 min. Corresponding to these increas-
ing time differences, the mean HbA1c levels
[± standard error (SE)] were 7.9 ± 0.5% (63.0 ±

5.5 mmol/mol), 7.6 ± 0.3% (60.0 ± 3.3 mmol/
mol), 8.6 ± 0.6% (70.0 ± 6.6 mmol/mol) and
6.7% (50 mmol/mol), respectively (Fig. 1a);
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fasting plasma glucose levels were 154.0 ± 39.8,
180.5 ± 34.5, 171.0 ± 26.6 and 165.0 mg/dl,
respectively (Fig. 1b); frequency of hypo-
glycemia was 12.0 ± 6.5 , 7.8 ± 2.7, 1.0 ± 1.0
and 5.0 episodes/month, respectively (Fig. 1c).
There was no significant difference in HbA1c
levels, fasting plasma glucose levels or fre-
quency of hypoglycemia among these four
levels of mistiming in patients with type 1
diabetes.

Dose timing differences for glargine U100
were also found among the study participants
with type 2 diabetes, with 20 persons (34.5%)
found to have a dose time difference of 0–60 min,
12 persons (20.7%) with a dose time difference of

61–120 min, 13 persons (22.4%) with a dose time
difference of 121–180 min, 7 persons (12.1%)
with a dose time difference of 181–240 min and 6
persons (10.3%) with a dose time difference of
241–300 min. Corresponding to these increasing
time differences, the mean HbA1c levels (± SE)
were 8.0 ± 0.2% (64.0 ± 2.2 mmol/mol), 8.0 ±

0.3% (64.0 ± 3.3 mmol/mol), 8.1 ± 0.4% (65.0 ±

4.4 mmol/mol), 8.0 ± 0.5% (64.0 ± 5.5 mmol/
mol) and 8.1 ± 0.4% (65.0 ± 4.4 mmol/mol),
respectively (Fig. 1d); the mean fasting plasma
glucose levels were 141.5 ± 8.5, 148.4 ± 13.0,
136.8 ± 9.1, 144.6 ± 17.2 and 159.0 ± 13.7 mg/
dl, respectively (Fig. 1e); the frequency of hypo-
glycemia was 0.7 ± 0.4, 0.9 ± 0.4, 1.2 ± 0.5,

Table 1 Participant demographics

Variables Type 1 diabetes
(n5 19)

Type 2 diabetes
(n5 58)

p value

Age (years) 55.8 ± 21.8 68.9 ± 11.2 0.020*

Female 42.1% 39.7% 0.528

Body weight (kg) 59.0 ± 8.7 64.1 ± 14.7 0.073

Body mass index (kg/m2) 22.2 ± 3.0 24.5 ± 4.0 0.031*

HbA1c (%) 7.8 ± 1.0 8.0 ± 1.1 0.452

Fasting plasma glucose (mg/dl) 171.2 ± 89.9 146.2 ± 41.0 0.255

Frequency of hypoglycemia (episodes/month) 7.7 ± 9.9 1.3 ± 3.3 0.012*

Total daily insulin dose (U) 34.4 ± 13.2 24.3 ± 16.0 0.015*

Daily dose of IGla (U) 15.1 ± 8.7 16.1 ± 8.8 0.685

Difference in dose timing of IGla (min) 101.2 ± 48.6 128.2 ± 82.9 0.089

Frequency of IGla 0.037*

Once daily 52.6% 77.6%

Twice daily 47.4% 22.4%

Timing of IGla (%) 0.034*

At breakfast 31.6% 50.0%

At dinner 10.5% 17.2%

At bedtime 10.5% 15.5%

At breakfast and dinner 21.1% 13.8%

At breakfast and bedtime 26.3% 3.4%

* p\0.05
Values in table are presented as the mean ± standard deviation (SD) or as a percentage
HbA1c Glycated hemoglobin, IGla insulin glargine U100
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1.1 ± 1.1 and 4.7 ± 3.5 episodes/month, respec-
tively (Fig. 1f). HbA1c levels and fasting glucose
levels were not significantly different among the
five levels of mistiming. The frequency of hypo-
glycemia was higher in the 241–300 min group
than in the 0–60 min group (p = 0.042).

Correlation Between Difference in Dose
Timing of Insulin Glargine U100 and Age
and Physical Findings

The age of persons with type 1 diabetes was
negatively correlated with a larger difference in
dose timing of insulin glargine U100
(r = -0.544, p = 0.016) (Fig. 2a); body weight
(p = 0.869) and BMI (p = 0.965) were not cor-
related with dose timing (Fig. 2b, c).

The age of persons with type 2 diabetes was
not correlated with dose timing (p = 0.379)
(Fig. 2d); however, body weight (r = 0.322,
p = 0.014) and BMI (r = 0.276, p = 0.036) were
positively correlated with increased variation in
dose timing of insulin glargine U100 (Fig. 2e, f).

Blood pressure, pulse rate, and diabetes
complications were not correlated with varia-
tion in dose timing (data not shown).

Association Between Difference in Dose
Timing of Glargine U100 and Study
Participant Background, Insulin Therapy
and Lifestyle

Among persons with type 1 diabetes, sex did not
affect difference in dose timing (data not
shown). Other background factors could not be
analyzed due to the small number of enrolled
participants.

Among persons with type 2 diabetes, there
were no statistically significant differences in
the correlations between variations in dose
timing and sex, frequency of basal insulin
injection (once daily vs. twice daily), insulin
therapy (basal supported oral therapy vs. basal
bolus therapy) or work status (Fig. 3a–f). How-
ever, the difference in dose timing of insulin
glargine U100 was greater in more highly edu-
cated participants (p = 0.040) (postgraduate vs.
junior high school graduate: 174.5 ± 63.7 vs.
47.6 ± 12.3 min, p = 0.017) (Fig. 3d). Similarly,

living alone (194.0 ± 41.5 vs. 95.7 ± 12.7 min,
p = 0.009) and drinking habits (149.0 ± 25.9 vs.
87.0 ± 13.2 min, p = 0.024) were associated
with an increased variation in dose timing,
respectively. (Figure 3e, g). Smokers also tended
to have a greater variation in dose timing
(Fig. 3h). In the multiple linear regression
analysis, living alone [b = 125.5, 95% confi-
dence interval (CI) 63.5–187.5, p\0.001],
drinking (b = 75.0, 95% CI 22.4–127.7,
p = 0.007) and smoking (b = 99.0, 95% CI
27.8–170.2, p = 0.008) remained significantly
associated with greater differences in dose
timing.

Self-Management Performance
and Psychological States in Persons
with Type 2 diabetes

The diet and exercise scores were not correlated
with dose timing of insulin glargine U100, but
they were negatively correlated with the medi-
cation score in SDSCA (r = -0.365, p = 0.029).
PAID scale and WHO-5 index scores were not
significantly correlated with increased differ-
ences in dose timing.

Effects of Switching From Insulin Glargine
U100 to Insulin Degludec on Glycemic
Control and Frequency of Hypoglycemia
in Persons with Type 2 diabetes

The therapeutic regimen of 23 study partici-
pants with type 2 diabetes was switched from
insulin glargine U100 to insulin degludec
(Table 2). According to the median difference in
dose timing of insulin glargine U100
(120.0 min), these persons were assigned to two
groups: 12 in a group with a dose time differ-
ence of 0–120 min (0–120 min group) and 11 in
a group with a dose time difference of
121–240 min (121–240 min group). There were
no significant differences in participant demo-
graphics between the two groups. The mean
difference in dose timing in the 0–120 min
group was 60.1 ± 38.0 min and that in the
121–240 min group was 203.6 ± 34.1 min,
which is a statistically significant difference
(p\0.001).
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Of those persons with type 2 diabetes who
were switched from insulin glargine U100 to
insulin degludec, 39.1% were changed from
insulin glargine U100 twice daily to insulin
degludec once daily. To avoid hypoglycemia,
the starting dose of insulin degludec was
decreased by about 20% according to the

Japanese label [26], from 21.4 ± 11.4 to
17.4 ± 7.8 U in the 0–120 min group (p = 0.009)
and from 17.9 ± 8.6 to 15.5 ± 7.3 U in the
121–240 min group (p = 0.005) (Fig. 4a, b).
During the12-week period, the doses were
slightly increased and the final dose was 18.4 ±

9.0 U in the 0–120 min group; the doses reached

Fig. 3 Correlation between difference in dose timing of
insulin glargine U100 and study participant’s background
(a sex, b insulin therapy, c frequency of insulin glargine,
d academic background, e family structure, f work status)

and lifestyle habits (g drinking habits, h smoking habit) in
persons with type 2 diabetes. BOT Basal-supported oral
therapy, BBT basal bolus therapy, IGla insulin gargine
U100. * Significantly different at p\0.05
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baseline levels without significant difference in
the 121–240 min group. The total dose of bolus
insulin was not changed during the 12-week
period in either group.

HbA1c levels decreased from 8.2 ± 1.2%
(66.0 ± 13.1 mmol/mol) to 8.1 ± 1.0%
(65.0 ± 10.9 mmol/mol) (-0.15%, 95% CI
-0.22–0.52 [-1.6 mmol/mol, 95% CI
-2.4–5.7]) in the 0–120 min group; this differ-
ence was not statistically significant (Fig. 4c).
HbA1c levels decreased from 8.0 ± 1.2%
(64.0 ± 13.1 mmol/mol) to 7.7 ± 1.3%
(61.0 ± 14.2 mmol/mol) (-0.31%, 95% CI
-0.02-0.60 [-3.4 mmol/mol, 95% CI
-0.2-6.6]) in the 121–240 min group (Fig. 4d);
this difference was statistically significant
(p = 0.039).

The frequency of hypoglycemia did not
change significantly in the 0–120 min group
(from 0.2 ± 0.4 to 0.4 ± 0.8 episodes/month;
-0.15, 95% CI -0.22–0.52) (Fig. 4e). However,
the frequency of hypoglycemia was signifi-
cantly decreased from 3.8 ± 7.9 to 2.6 ± 6.5
episodes/month (-1.18, 95% CI 0.03–2.34,
p = 0.046) in the 121–240 min group (Fig. 4f).

DISCUSSION

We show here that a large difference in dose
timing of insulin glargine U100 can be related
to the frequency of hypoglycemia in type 2
diabetes. Approximately half of the study par-
ticipants mistimed injections by [120 min on
occasion and 10% of them mistimed injections
by [240 min. A high BMI, drinking and smok-
ing habits and living alone was associated with
the larger variations in dose timing. Impor-
tantly, insulin degludec was found to decrease
the frequency of hypoglycemia and improve
glycemic control in participants with deviations
in dose timing of[120 min.

Of the study participants with type 1 dia-
betes, 78.9% self-administered insulin within
120 min of the agreed-upon time. The variation
in dose timing in these patients tended to be
less than that in those with type 2 diabetes.
However, analysis of our data revealed that a
younger age was associated with a larger differ-
ence in dose timing of insulin glargine U100.
Generally, younger type 1 diabetes patients

Table 2 Participant demographics at initiation of insulin degludec therapy

Variables 0–120 min group (n5 12)a 121–240 min group (n5 11)a p value

Age (years) 68.9 ± 8.7 65.2 ± 13.1 0.426

Female 33.3% 36.4% 0.611

Body weight (kg) 64.1 ± 12.0 69.5 ± 21.2 0.472

Body mass index (kg/m2) 24.6 ± 2.2 25.5 ± 5.0 0.630

HbA1c (%) 8.17 ± 1.17 7.96 ± 1.24 0.691

Fasting plasma glucose (mg/dl) 144.6 ± 42.3 146.6 ± 41.6 0.916

Frequency of IGla (times/day) 1.4 ± 0.5 1.4 ± 0.5 0.159

Frequency of hypoglycemia (episodes/month) 0.2 ± 0.4 3.8 ± 7.9 0.806

Difference in dose timing of IGla (min) 60.1 ± 38.0 203.6 ± 34.1 \0.001***

Dose of IGla (units/day) 21.4 ± 11.4 17.9 ± 8.6 0.418

Basal bolus therapy 50.0% 54.5% 0.827

*** p\0.001
Values in table are presented as the mean ± SD or as a percentage
a 0–120 min, patients whose difference in dose timing of long-acting insulin was between 0 and 120 min. 120–240 min,
patients whose difference in dose timing of long-acting insulin was between 121 and 240 min
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tend to be less compliant to therapeutic regi-
mens than their older counterparts [16, 27]. Our
results suggest that healthcare professionals
should therefore pay close attention to younger
persons with diabetes regarding dose timing of
basal insulin, especially if these patients have
frequent hypoglycemia or poor glycemic
control.

In our study participants with type 2 diabetes
we found that a greater difference in dose
mistiming of basal insulin was also associated
with unhealthy lifestyle and family structure,
with drinking and smoking habits and living
alone significantly related to a larger difference

in dose timing among this group. Furthermore,
larger differences in dose timing were correlated
with a higher body weight and higher BMI,
suggesting that mistimed injection of basal
insulin is linked to weight gain. Brod et al. also
showed that persons with diabetes with
numerous mistimed doses never or rarely ate
meals at a regular time and were overweight or
obese [28].

The main negative effect of a larger differ-
ence in dose timing, especially those[240 min,
was an increase in the frequency of hypo-
glycemia in persons with type 2 diabetes. In our
study the use of bolus insulin or any orally

Fig. 4 Insulin doses (a, b), HbA1c levels (c, d) and
frequency of hypoglycemia (e, f) in study participants with
a dose time difference of 0–120 min (0–120 min; a, c, e)
and with a dose time difference of 121–240 min

(121–240 min; b, d, f) at the initiation of the switch to
insulin degludec from insulin glargine U100 (0 week after
switching) and 12 weeks after the switch (12 weeks after
switching). * Significantly different at p\0.05
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administered anti-diabetic drug was not related
to frequency of hypoglycemia. The GAPP2 sur-
vey also revealed a statistically significant asso-
ciation between persons who missed, mistimed
or reduced the number of basal insulin doses
and episodes of self-treated hypoglycemia [29].
None of the participants in our study changed
the insulin dose or missed a dose of insulin
glargine U100, confirming that mistiming
introduces risk of hypoglycemia. We suggest
that healthcare professionals should communi-
cate carefully with their patients and assess dose
timing as a part of routine care. If their patients
mistime basal insulin injection, the healthcare
professionals need to encourage them to com-
ply each day and to change their lifestyle as
necessary. In addition, social support should be
provided to persons living alone.

On the other hand, more user-friendly basal
insulin is being considered. Ultra-long-acting
insulins have recently been developed, notably
insulin glargine U300 and insulin degludec.
Glargine U300 has the benefits that its effects
last for [24 h and dosing may occur up 3 h
before or after the agreed time of administration
[30–34]. The effects of insulin degludec last for
24–42 h at maximum [35, 36]; an attractive
aspect of this drug is also its flexibility of
injection timing [26, 37–41]. Dosing flexibility
of insulin degludec by ±8 h from the usual time
of administration can ensure the same adequate
glycemic control and frequency of hypo-
glycemia as fixed dosing of the insulin [37]. In
this study, insulin degludec was found to
improve glycemic control and to reduce the
occurrence of hypoglycemia in persons with
diabetes whose variation in dose timing was
[120 min. It is reported that the ability to dose
insulin degludec flexibly can positively impact
the health-related quality of life [42]. In addi-
tion, degludec is likely to be cost effective
compared to other basal insulin analogs [43].
Thus, new-generation basal insulin may be
helpful for all persons with diabetes.

Irregular dosing of basal insulin is believed to
be related to two main factors, namely patient
and medical factors, respectively. Patient fac-
tors, such as being too busy, forgetting, skipping
meals, eating out, traveling, embarrassment
about injecting in public and stress or

emotional problems, can result in mistiming of
insulin injections [15]. With respect to medical
factors, healthcare professionals usually instruct
persons with diabetes to inject basal insulin at
mealtimes in combination with bolus insulin or
oral medication, or at the time of waking, bed-
time, morning or evening. Persons with dia-
betes are thus allowed leeway as to when to
inject basal insulin. When healthcare profes-
sionals educate persons with diabetes at initia-
tion of therapy with basal insulin, it is
important to guide them to a regular life style
and to individually determine fixed dose timing
with an allowance of 2 h from the standpoint of
better glycemic control, better body weight
control and a lower hypoglycemia risk. On the
other hand, when individuals are even then not
able to inject basal insulin within 2 h of the
agreed dose timing, insulin degludec or glargine
U300 can be considered an option to prevent
hypoglycemia and to improve glycemic control.
Such patient-centered therapeutic strategies
may improve not only glycemic control but also
the quality of life of persons with diabetes [39].

There are limitations to our study. First,
participants were recruited in a single hospital,
so characteristics of the participants are biased
accordingly. Second, the number of partici-
pants, especially of patients with type 1 dia-
betes, was small. Third, some hypoglycemia
episodes as nocturnal hypoglycemia may have
been missed because continuous glucose mon-
itoring was not performed in the study. Fourth,
the observation period was not long and may
not have allowed sufficient time for the full
effect of switching from insulin glargine U100
to degludec on glycemic control and hypo-
glycemia to be evaluated. Finally, changes in
physical findings of the participants, such as
body weight and blood pressure, were not
measured after the switch from insulin glargine
to insulin degludec. Further studies involving a
larger number of persons with type 1 and type 2
diabetes over a longer period are needed.

CONCLUSION

A large difference in dose timing of basal insulin
represents a risk of hypoglycemia and weight
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gain in persons with type 2 diabetes. Healthcare
professionals should instruct persons with dia-
betes to inject basal insulin regularly at the
agreed times. However, when required, a more
flexibly timed basal insulin, such as insulin
degludec, can be used to prevent hypoglycemia
and weight gain.
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