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ABSTRACT
Aims/Introduction: To determine whether the occurrence of nocturnal asymptomatic,
serious, clinically important hypoglycemia (NSH) could be predicted based on glucose val-
ues on the previous day and the following morning of the day of onset.
Materials and Methods: This study examined patients with type 1 diabetes who
underwent continuous glucose monitoring assessments and received insulin degludec.
NSH was defined as glucose level <54 mg/dL detected between 24.00 and 06.00 hours.
The participants were evaluated to determine the following: (i) glucose level at bedtime
(24.00 hours) on the previous day (BG); (ii) fasting glucose level (FG); and (iii) the range of
post-breakfast glucose elevation. The patients were divided into those with NSH and those
without, and compared using t-tests. Optimal cut-off values for relevant parameters for
predicting NSH were determined using receiver operating characteristic analysis.
Results: The study included a total of 31 patients with type 1 diabetes (mean glycated
hemoglobin value 7.8 – 0.7%). NSH occurred in eight patients (26%). BG and FG were sig-
nificantly lower in those with NSH than in those without (P = 0.044, P < 0.001). The range
of post-breakfast glucose elevation was significantly greater in those with NSH than in
those without. The cut-off glucose values for predicting NSH were as follows: BG =
90 mg/dL (sensitivity 0.83/specificity 0.75/area under the curve 0.79, P = 0.017) and FG =
69 mg/dL (0.83/0.75/0.86, P = 0.003).
Conclusions: The results showed that in patients with type 1 diabetes receiving insulin
degludec, BG <90 mg/dL and FG <69 mg/dL had an approximately 80% probability of
predicting the occurrence of NSH.

INTRODUCTION
Although it is assumed that tight glycemic control is required
to prevent long-term diabetes complications in patients with
type 1 diabetes1, research also suggests that these patients are
associated with a significantly increased risk of mortality, even
when their glycated hemoglobin (HbA1c) values are controlled
at ≤6.9%2. A possible reason for this association is that lowering
HbA1c for tight glycemic control might be associated with the

onset of hypoglycemia in these patients, thereby increasing their
risk for mortality3; thus, when managing patients with type 1
diabetes, it is crucial to focus on improving their HbA1c levels
without causing hypoglycemia.
Because nocturnal asymptomatic hypoglycemia remains

rather difficult to identify using just HbA1c or self-monitoring
of blood glucose measurements, continuous glucose monitoring
(CGM) is useful4. Indeed, CGM-based studies have shown that
nocturnal hypoglycemia does frequently occur in patients with
type 1 diabetes5,6, with the caveat that CGM is not readily
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available for use in patients with type 1 diabetes because of cost
and other considerations.
We reported earlier that an acute post-breakfast glucose ele-

vation predicts the occurrence of nocturnal asymptomatic
hypoglycemia (<70 mg/dL) in patients receiving insulin deglu-
dec whose fasting glucose levels are <84 mg/dL7. The American
Diabetes Association and European Association for the Study
of Diabetes proposed the criteria for hypoglycemia for use in
clinical studies as “blood glucose levels of <54 mg/dL in non-
diabetes individuals which do not occur under physiological
conditions” or “severe hypoglycemia associated with severe cog-
nitive impairment requiring external assistance for recovery” in
their 2016 joint consensus statement8.
It has been reported that in type 1 diabetes patients, the

risk of developing severe hypoglycemia is fourfold higher if
the patient is not aware of hypoglycemia defined as a blood
glucose level of <54 mg/dL9. In particular, it has been reported
that nocturnal hypoglycemia is likely to occur because of a
decrease in the compensatory secretion of adrenaline in
response to hypoglycemia, and as a result, bradyarrhythmia
that leads to cardiac arrest is induced. Therefore, it has been
suggested that severe hypoglycemia is associated with sudden
death, which is called “dead in bed syndrome”10. Furthermore,
severe hypoglycemia has been shown to significantly increase
the risk of mortality after its onset in patients with diabetes,
regardless of whether they have a prior history of cardiovascu-
lar disease11. Thus, the American Diabetes Association/Euro-
pean Association for the Study of Diabetes emphasized
preventing hypoglycemia of ≤54 mg/dL by defining it as “seri-
ous, clinically important hypoglycemia”8. However, no study
has determined whether glycemic variability occurring immedi-
ately before and after dinner on the previous day, and later
before and after breakfast can predict the occurrence of

nocturnal asymptomatic hypoglycemia, defined as blood glu-
cose level <70 or <54 mg/dL.
Thus, the present study used CGM data to determine

whether glycemic variability on the previous day and next
morning can predict the occurrence of nocturnal asymptomatic
hypoglycemia or the occurrence of severe, clinically significant
nocturnal asymptomatic hypoglycemia in outpatients with
type 1 diabetes receiving a multiple daily injection regimen
containing insulin degludec as a long-acting soluble insulin.

METHODS
Patients
This study included outpatients with type 1 diabetes whose
HbA1c value was >6.9% but <9%, and who were receiving a
multiple daily injection regimen containing a rapid-acting insu-
lin as bolus insulin and insulin degludec as a long-acting sol-
uble insulin. All patients were allowed to inject insulin at
suitable times during their day according to their lifestyle
habits, with the insulin dose for each injection determined by
their attending physicians. All patients were enrolled in the
study after signing informed consent to study participation7,12–
13.

Trial design
All patients were fitted with a CGM device (iPro2; Medtronic
Minimed, Northridge, CA, USA) in the outpatient clinic after
≥4 weeks of treatment with insulin degludec (Figure 1). During
these assessments, they were given four standardized retort test
meals from the evening of day 1 to the evening of day 2. The
total calorie intake on day 1 was 591.3 kcal (carbohydrates
65.1%, proteins 15.9% and lipids 19.0%), and on day 2, it was
1,835.3 kcal (breakfast on day 2 contained 616 kcal: carbohy-
drates 63.6%; proteins 16.5% and lipids 19.9%)7,12–13.

Patients with NH
(n = 16)

#

31 subjects
•  Type 1 patients with diabetes
•  ≥ 20 and < 80 years
•  receiving based-bolus insulin therapy

4 or more weeks of
treatment in
outpatient clinic

•  receiving insulin degludec as a long acting solube insulin
•  HbA1c values between 6.9% and 9.0%
•  Written consent obtained

* CGM performed

##

Patients without NH
(n = 15)

Patients with NSH
(n = 8)

Patients withOUT NSH
(n = 23)

Figure 1 | Study design. *Each patient was fitted with a continuous glucose monitoring (CGM) device in an outpatient clinic and 24 h data were
collected for comparison under the same test meals. ＃Nocturnal asymptomatic hypoglycemia (NH) was defined as hypoglycemia (<70 mg/dL)
occurring between 24.00 hours and 06.00 hours. ＃＃Nocturnal asymptomatic, serious hypoglycemia (NSH) was defined as serious hypoglycemia
(<54 mg/dL) occurring between 24.00 hours and 06.00 hours. HbA1c, glycated hemoglobin.
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CGM data obtained from 18.00 hours on day 1 to
24.00 hours on day 2 were included for analysis. Patients were
excluded from the analysis if they had taken oral glucose after
becoming aware of nocturnal hypoglycemia.
The presence or absence of nocturnal hypoglycemia was

defined as the presence or absence of nocturnal asymptomatic
hypoglycemia (NH; <70 mg/dL) occurring between 24.00 hours
and 06.00 hours or nocturnal asymptomatic, serious, clinically
important hypoglycemia (NSH; <54 mg/dL)8.

Primary end-points
The following parameters were evaluated to determine glycemic
variability during the previous night: (I) pre-dinner glucose
levels; (II) post-dinner glucose levels (peak, 1- and 2-h post-
prandial values); (III) the range of post-dinner glucose elevation
(from pre-dinner to peak, 1- and 2-h postprandial values); (IV)
the post-dinner glucose concentration gradient (from pre-din-
ner to peak, 1- and 2-h postprandial values); (V) bedtime glu-
cose levels (24.00 hours); (VI) the range from pre- or post-
dinner to bedtime glucose levels (from pre-dinner, 1- and 2-h
postprandial to bedtime values); and (VII) the concentration
gradient from pre- or post-dinner to bedtime (from pre-dinner,
1- and 2-h postprandial to bedtime values). As in our earlier
study7, the following parameters were used to determine glyce-
mic variability before and after breakfast: (i) fasting glucose
levels; (ii) post-breakfast glucose levels (peak, 1- and 2-h post-
prandial values); (iii) the range of post-breakfast glucose eleva-
tion (peak, 1- and 2-h postprandial values); and (iv) the post-
breakfast glucose concentration gradient (peak, 1- and 2-h post-
prandial values).

Statistical analysis
The patients were divided into those with NH and those with-
out to compare parameters I–VII (the results were already
available for parameters i–iv7), and into those with NSH and

those without to compare parameters I–VII and i–iv using t-
tests. In summary, we determined whether NH can be pre-
dicted to occur based on parameters I–VII excluding parame-
ters i–iv, whose potential to predict the occurrence of NH was
reported previously7, and whether NSH can be predicted to
occur based on parameters I–VII and i–iv; finally, when predic-
tion was possible, the suitable cut-off values for such a predic-
tion were determined using receiver operating characteristic
analyses.
All statistical analyses were carried out using SPSS 26.0 (SPSS

Inc., Chicago, IL, USA; www.spss.com/). All data are presented
as the mean – standard deviation. A P-value of < 0.05 (two-
tailed) was taken to indicate statistical significance.
The present study was carried out with the approval of the

institutional review board of Jikei University School of Medi-
cine as a subanalysis of the “the Jikei-Evaluation of the basal
insulin analog Tresiba (insulin degludec), a new basal insulin
analog, for (nocturnal) glycemic variability as compared to an
existing basal insulin analog using continuous glucose monitor-
ing in basal–bolus treatment for type 1 diabetes – JET1 Study”
(UMIN000013817)12,13, and conformed to the provisions of the
Declaration of Helsinki (as revised in Fortaleza, Brazil, October
2013).

RESULTS
CGM assessments were carried out on a total of 31 patients
with type 1 diabetes who were receiving a multiple daily injec-
tion regimen, gave informed consent to participate in the study
and reported not having taken glucose for hypoglycemic epi-
sodes after becoming aware of their onset. As in our earlier
study7, the study participants included 14 men (45.2%) with a
mean age of 46.9 – 11.4 years (presented as the mean – stan-
dard deviation hereafter), HbA1c level of 7.8 – 0.7%, body
mass index of 22.4 – 3.0 kg/m2 and duration of diabetes of
19.5 – 9.7 years (all values were previously reported in our

Table 1 | Comparison of patient profiles and insulin doses between patients with and without hypoglycemia

Overall Patients with NH Patients without
NH

P-value† Patients with
NSH

Patients without
NSH

P-value‡

Patients tested (n) 31 16 15 8 23
Age (years) 46.9 – 11.4 49.2 – 12.5 44.5 – 10.1 P = 0.265 47.0 – 13.5 46.9 – 10.9 P = 0.986
HbA1c (%) 7.8 – 0.7 7.8 – 0.7 7.8 – 0.7 P = 0.894 7.7 – 0.6 7.9 – 0.8 P = 0.471
Body mass index (kg/m2) 22.4 – 3.0 22.5 – 3.4 22.4 – 2.5 P = 0.930 21.5 – 3.0 22.8 – 2.9 P = 0.299
Duration of diabetes (years) 19.5 – 9.7 23.9 – 10.3 14.9 – 6.6 P = 0.008* 19.3 – 9.5 19.2 – 10.1 P = 0.985
Total daily insulin dose (U/kg) 0.65 – 0.20 0.65 – 0.19 0.65 – 0.22 P = 0.935 0.67 – 0.15 0.64 – 0.22 P = 0.777
Basal insulin ratio (%) 39.1 – 11.9 42.1 – 11.6 35.8 – 11.6 P = 0.139 40.8 – 9.1 38.5 – 12.8 P = 0.646
Bolus insulin dose
before dinner (U/kg)

0.15 – 0.06 0.14 – 0.06 0.15 – 0.07 P = 0.609 0.14 – 0.03 0.15 – 0.07 P = 0.638

Bolus insulin dose
before breakfast (U/kg)

0.12 – 0.05 0.11 – 0.05 0.13 – 0.06 P = 0.339 0.13 – 0.06 0.12 – 0.06 P = 0.659

Data are expressed as the mean – standard deviation. *P < 0.05. †Unpaired Student’s two-sample t-test was used for comparisons between the
patients with and without nocturnal asymptomatic hypoglycemia (NH; <70 mg/dL). ‡Unpaired Student’s two-sample t-test was used for compar-
isons between the patients with and without nocturnal asymptomatic serious hypoglycemia (NSH; <54 mg/dL). HbA1c, glycated hemoglobin.
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earlier study; Table 1)7. Basal insulin was used once in the
morning by 13 patients (41.9%) and in the evening or before
bedtime by 18 patients (58.1%).
NH and NSH were found to have occurred in 16 (51.6%)

and eight (25.8%) patients, respectively. There was no signifi-
cant difference between those with NSH and those without
regarding age, HbA1c, body mass index, duration of diabetes,
total insulin dose or basal–bolus insulin ratio (results for NH as
previously published)7; there was also no difference between the
groups regarding their bolus insulin dose before dinner and
before breakfast (Table 1). None of the patients injected extra
bolus insulin after meals. Figure 2 shows the glucose profiles of
those with NH or NSH and those without NH or NSH from
before dinner on the previous night to post-breakfast.
Table 2 summarizes the results for the parameters measured

pre- and post-dinner on the previous day, and pre- and post-
breakfast on the day of glucose variability for those with NH or
NSH versus those without (pre-and post-breakfast results for
NH as previously published)7. The pre-dinner glucose levels did
not differ between NH and non-NH, or NSH and non-NSH
patients (117 – 73 mg/dL vs 160 – 89 mg/dL; P = 0.155, and
106 – 72 mg/dL vs 149 – 85 mg/dL; P = 0.216). Furthermore,
no significant difference was observed between these groups in
post-dinner peak, 1- or 2-h glucose levels. The range of post-
dinner peak glucose elevation tended to be greater in those with
NH, but was not significantly different between those with
NSH and those without. In contrast, the bedtime glucose levels
(24.00 hours) were significantly lower in those with NH than
in those without (106 – 48 mg/dL vs 155 – 78 mg/dL;
P = 0.045) and were significantly lower in those with NSH
than in those without (88 – 44 mg/dL vs 144 – 69 mg/dL;

P = 0.044). Although the range of the glucose decrease from
before dinner to bedtime was not significantly different between
the groups, the range of the glucose decrease from 1 h post-
prandial to bedtime tended to be less in those with NH than in
those without (P = 0.053), and was significantly less in those
with NSH than in those without (P = 0.047). Furthermore, the
range of the glucose decrease from 2 h postprandial to bedtime
was significantly less in those with NH than in those without
(P < 0.001). In contrast, the glucose concentration gradient
from before and after dinner to bedtime was not significantly
different between the groups.
The fasting glucose levels the next morning were significantly

lower in those with NSH (61 – 13 mg/dL) than in those without
(130 – 68 mg/dL; P < 0.001). The post-breakfast glucose levels
were not significantly different between the groups for the peak, 1-
and 2-h values, but the range of the glucose elevation was signifi-
cantly greater in those with NSH for the peak, 1- and 2-h values
(peak value 160 – 66 mg/dL vs 69 – 81 mg/dL, P = 0.008; 1-h
value 105 – 50 mg/dL vs 54 – 49 mg/dL, P = 0.016; and 2-h
value 145 – 85 mg/dL vs 57 – 80 mg/dL, P = 0.014). The post-
breakfast glucose concentration gradient was also significantly dif-
ferent between the groups (peak 1.68 – 0.63 mg/dL/min vs
0.73 – 0.94 mg/dL/min, P = 0.013; 1-h value 1.75 – 0.83 mg/
dL/min vs 0.90 – 0.81 mg/dL/min, P = 0.016; and 2-h value
1.20 – 0.71 mg/dL/min vs 0.48 – 0.67 mg/dL/min, P = 0.014).
Figure 3 shows the number of patients who experienced NH

or NSH at each time point (NH results as previously pub-
lished)7, and shows that NH and NSH occurred most fre-
quently between 04.00 hours and 06.00 hours. Of note, an
analysis of the patients as stratified by timing of injection of
insulin degludec confirmed this finding.
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Figure 2 | Glucose level profiles from pre-dinner on the previous day to post-breakfast. Curves are expressed as the mean – standard deviation. (a)
Patients with nocturnal asymptomatic hypoglycemia (NH; <70 mg/dL; n = 16); patients without NH (n = 15). (b) Patients with nocturnal
asymptomatic, serious hypoglycemia (NSH; <54 mg/dL; n = 8); patients without NSH (n = 23).
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Receiver operating characteristic analysis was used to deter-
mine the cut-off values for the prediction of NH and NSH
(Figure 4). The values for NH were bedtime glucose level =

133 mg/dL (sensitivity 0.53, specificity 0.75, area under the
curve 0.71; P = 0.046), fasting glucose level = 84 mg/dL (0.80/
0.75/0.80; P = 0.004), and range of post-breakfast glucose

Table 2 | Comparison of glycemic variability between patients with and without hypoglycemia

Overall
(n = 31)

Patients with
NH (n = 16)

Patients without
NH (n = 15)

P-value† Patients with
NSH (n = 8)

Patients without
NSH (n = 23)

P-value‡

Night-time (24.00–06.00 hours)
Glucose nadir levels (mg/dL) 87 – 53 53 – 10 124 – 56 P < 0.001* 45 – 5 102 – 54 P < 0.001*
Duration of serious
hypoglycemia, <54mg/dL (min)

39 – 90 -- -- -- 150 – 124 0 – 0 P < 0.001*

Duration of hypoglycemia,
<70mg/dL (min)

80 – 121 155 – 129 0 – 0 P < 0.001* -- --

Average glucose levels (mg/dL) 115 – 57 82 – 27 150 – 60 P < 0.001* 63 – 15 133 – 55 P < 0.001*
SD of glucose levels (mg/dL) 18 – 11 20 – 13 16 – 7 P = 0.273 15 – 12 19 – 10 P = 0.364

Pre-dinner glucose levels (mg/dL) 138 – 83 117 – 73 160 – 89 P = 0.155 106 – 72 149 – 85 P = 0.216
Post-dinner glucose levels (mg/dL)
Peak 191 – 73 198 – 66 184 – 81 P = 0.604 187 – 81 192 – 72 P = 0.870
Postprandial 1 h 170 – 69 167 – 57 173 – 81 P = 0.794 166 – 65 171 – 71 P = 0.866
Postprandial 2 h 158 – 70 165 – 72 151 – 69 P = 0.566 149 – 83 161 – 67 P = 0.675

Range of post-dinner glucose elevation (mg/dL)
Peak 53 – 89 81 – 73 24 – 97 P = 0.074 81 – 73 43 – 93 P = 0.311
Postprandial 1-h 32 – 67 50 – 63 13 – 68 P = 0.134 60 – 78 22 – 62 P = 0.176
Postprandial 2-h 20 – 98 48 – 99 -9 – 91 P = 0.104 43 – 106 13 – 97 P = 0.464

Post-dinner concentration gradient (mg/dL/min)
Peak 0.73 – 0.88 0.98 – 0.70 0.47 – 0.99 P = 0.106 1.09 – 0.75 0.60 – 0.90 P = 0.183
Postprandial 1-h 0.53 – 1.12 0.83 – 1.05 0.22 – 1.14 P = 0.134 1.00 – 1.30 0.37 – 1.03 P = 0.176
Postprandial 2-h 0.34 – 1.64 0.80 – 1.66 -0.16 – 1.52 P = 0.104 0.71 – 1.77 0.21 – 1.61 P = 0.464

Bedtime glucose levels (mg/dL) 130 – 68 106 – 48 155 – 78 P = 0.045* 88 – 44 144 – 69 P = 0.044*
Range from pre- or post-dinner to bedtime glucose levels (mg/dL)
Pre -8 – 82 -11 – 83 -5 – 83 P = 0.856 -18 – 80 -5 – 83 P = 0.703
Postprandial 1 h -40 – 61 -61 – 60 -19 – 55 P = 0.053 -78 – 55 -27 – 58 P = 0.047*
Postprandial 2 h -29 – 55 -59 – 49 4 – 41 P < 0.001* -61 – 54 -17 – 47 P = 0.112

Concentration gradient from pre- or post-dinner to bedtime (mg/dL/min)
Pre -0.07 – 0.47 -0.07 – 0.37 -0.08 – 0.57 P = 0.953 -0.10 – 0.42 -0.06 – 0.50 P = 0.815
Postprandial 1-h -0.33 – 0.49 -0.24 – 0.23 -0.12 – 0.37 P = 0.270 -0.43 – 0.32 -0.29 – 0.53 P = 0.413
Postprandial 2-h -0.28 – 0.51 -0.22 – 0.16 -0.06 – 0.39 P = 0.148 -0.46 – 0.36 -0.22 – 0.54 P = 0.172

Time to bedtime from
pre-dinner (min)

229 – 75 252 – 46 205 – 93 P = 0.095 249 – 41 223 – 83 P = 0.258

Fasting glucose levels (mg/dL) 112 – 66 82 – 48 144 – 69 P = 0.009* 61 – 13 130 – 68 P < 0.001*
Post-breakfast glucose levels (mg/dL)
Peak 204 – 60 214 – 62 194 – 59 P = 0.358 221 – 57 198 – 62 P = 0.364
Postprandial 1 h 179 – 55 169 – 46 190 – 62 P = 0.310 167 – 40 184 – 59 P = 0.457
Postprandial 2 h 192 – 65 195 – 79 188 – 49 P = 0.752 206 – 78 187 – 61 P = 0.485

Range of post-breakfast glucose elevation (mg/dL)
Peak 92 – 86 132 – 73 50 – 81 P = 0.006* 160 – 66 69 – 81 P = 0.008*
Postprandial 1 h 67 – 53 87 – 47 46 – 53 P = 0.028* 105 – 50 54 – 49 P = 0.016*
Postprandial 2 h 80 – 89 113 – 84 44 – 83 P = 0.028* 145 – 85 57 – 80 P = 0.014*

Post-breakfast concentration gradient (mg/dL/min)
Peak 0.97 – 0.96 1.42 – 0.72 0.49 – 0.97 P = 0.005* 1.68 – 0.63 0.73 – 0.94 P = 0.013*
Postprandial 1 h 1.12 – 0.89 1.45 – 0.78 0.77 – 0.88 P = 0.028* 1.75 – 0.83 0.90 – 0.81 P = 0.016*
Postprandial 2 h 0.67 – 0.74 0.94 – 0.70 0.37 – 0.69 P = 0.028* 1.20 – 0.71 0.48 – 0.67 P = 0.014*

Data are expressed as the mean – standard deviation (SD). *P < 0.05. †Unpaired Student’s two-sample t-test was used for comparisons between
the patients with and without nocturnal asymptomatic hypoglycemia (NH; <70 mg/dL). ‡Unpaired Student’s two-sample t-test was used for com-
parisons between the patients with and without nocturnal asymptomatic serious hypoglycemia (NSH; <54 mg/dL).
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elevation >69 mg/dL 1-h postprandial (0.75/0.67/0.73;
P = 0.033) and >99 mg/dL 2-h postprandial (0.69/0.67/0.71;
P = 0.044; results for NH presented as previously reported)7.
The values for NSH were bedtime glucose level = 90 mg/dL
(0.83/0.75/0.79; P = 0.017), fasting glucose level = 69 mg/dL
(0.83/0.75/0.86; P = 0.003), and range of post-breakfast glucose
elevation >82 mg/dL 1-h postprandial (0.75/0.61/0.74;
P = 0.045) and >119 mg/dL 2-h postprandial (0.63/0.70/0.76;
P = 0.032).

DISCUSSION
The present study investigated whether the occurrence of NH
or NSH could be predicted in type 1 diabetes patients

receiving insulin degludec based on CGM data for glycemic
variability occurring immediately before and after dinner on
the previous day, and later before and after breakfast. The
results showed that NH and NSH could not be predicted
using the glycemic variability before and after dinner on the
previous day, but that it could be predicted using the bedtime
glucose levels and glycemic variability before and after break-
fast next morning.
Our research group reported earlier that the fasting glucose

level (<84 mg/dL) and range of post-breakfast glucose elevation
at 1 and 2 h post-breakfast (>69 mg/dL and >99 mg/dL,
respectively) had a 60–80% chance of predicting the occurrence
of NH (<70 mg/dL) in patients with type 1 diabetes receiving
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Figure 3 | Number of patients experiencing hypoglycemia at each time segment. (a) Overall for nocturnal asymptomatic hypoglycemia (NH;
<70 mg/dL)7. (b) Overall for nocturnal asymptomatic serious hypoglycemia (NSH; <54 mg/dL). (c) Insulin degludec (IDeg) once in the evening or
at bedtime (NH). (d) IDeg once in the evening or at bedtime (NSH). (e) IDeg once in the morning (NH). (f) IDeg once in the morning (NSH).
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insulin degludec7. In this study, the receiver operating charac-
teristic-derived cut-off values for predicting NSH (<54 mg/dL)
included the fasting glucose level = 69 mg/dL and the range of
the post-breakfast glucose elevation at 1 and 2 h post-breakfast
82 mg/dL and 119 mg/dL, respectively. Again, study results
suggest that, even without recourse to CGM assessments, mea-
sured pre-breakfast, 1- and 2-h post-breakfast glucose levels,
coupled with measured 2-h post-breakfast glucose excursions
and post-breakfast glucose gradients, might have a close to 70–
80% probability of estimating the occurrence of NSH. Notably,
numerous CGM-based studies carried out to date, including
the present study, have shown that patients with NH are asso-
ciated with even lower fasting glucose levels than those without
NH, with an even greater range of post-breakfast glucose eleva-
tion than those without5,7,14–18. In contrast, the results of the
present study showed that patients with NSH were associated
with not only lower fasting glucose levels than those with NH,
but also a greater range of post-breakfast glucose elevation than
those with NH. Reports have shown that insulin degludec is an

ultra-long-acting soluble insulin whose action remains relatively
consistent over a period of >24 h even when used once daily,
thus achieving glycemic control with very little glycemic vari-
ability and few hypoglycemic episodes19–21. The standard devia-
tion of night-time glucose was not significantly different
between those with NH or NSH and those without (P = 0.273,
P = 0.364). As shown in Figure 3, both NH and NSH tended
to occur in the early morning hours between 04.00 hours and
06.00 hours. In general, the secretion of insulin counterregula-
tory hormones is subject to the influence of circadian rhythms,
and insulin action is not completely constant due to intra-indi-
vidual fluctuation. Thus, it was assumed that, between
04.00 hours and 06.00 hours, the glucose-lowering action of
insulin degludec had peaked, the longest time had lapsed after
dinner or the secretion of insulin counterregulatory hormones
had decreased, thus accounting for the susceptibility to NH
during these hours. Therefore, low fasting glucose levels might
have resulted in an acute post-breakfast glucose elevation due
to a post-breakfast increase in insulin counterregulatory
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Figure 4 | Cut-off values for predicting nocturnal asymptomatic hypoglycemia. NH, nocturnal asymptomatic hypoglycemia (<70 mg/dL); NSH,
nocturnal asymptomatic serious hypoglycemia (<54 mg/dL).
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hormones22 or due to the bolus insulin dose reduced before
breakfast at the patients’ own discretion.
In the present study, bedtime glucose levels were shown to

be significantly lower not only in those with NH (P = 0.045),
but also in those with NSH (P = 0.044), suggesting that these
patients likely had a 70–80% chance of developing NH (or
NSH) when their glucose levels fell below 133 mg/dL (or
90 mg/dL). Notably, a few CGM-based studies of patients with
type 1 diabetes have shown that bedtime glucose levels are the
most significant factor contributing to the prediction of
NH17,23, thus providing a rationale for instructing those with
low bedtime glucose levels to take nutritional supplements to
prevent NH24,25. Furthermore, those with NH and NSH did
not significantly differ regarding their glucose levels before and
after dinner or their range of post-dinner glucose elevation or
regarding the range of glucose decrease from pre-dinner to bed-
time. In contrast, although those with NSH were associated
with a significantly lower range of glucose decrease from 1 h
after dinner to bedtime than those without NSH (P = 0.047),
those with NH were associated with a significantly lower range
of glucose decrease from 2 h after dinner to bedtime than those
without NH (P < 0.001), despite not having significantly differ-
ent glucose decrease gradients, suggesting that this might par-
tially reflect the fact that they ate dinner at different time
points. In the present study, a rapid-acting insulin formulation
was used as a bolus insulin, and the bolus insulin dose used at
dinner was not significantly different between those with NH
or NSH and those without. The time to onset of action for
bolus insulin ranges between 45 and 75 min, and the duration
of action for bolus insulin ranges between 2 and 4 h26,27; conse-
quently, there was no significant difference between the groups,
as the mean time from before dinner to bedtime was approxi-
mately 4 h. Furthermore, all patients were given the same test
meal (total calorie intake 591.3 kcal, carbohydrates 65.1%, pro-
teins 15.9% and lipids 19.0%)7,12–13. Thus, taken together, the
significantly lower bedtime glucose levels in those with NH
might have solely resulted from the glucose-lowering effect of
insulin degludec rather than that of the rapid-acting insulin for-
mulation.
Although the patients did not significantly differ regarding

the times they injected insulin degludec, as previously reported7,
more patients with NSH (without NSH) tended to have
injected it once in the evening or at bedtime: six (33.3%; 12
[66.7%]) injected it once in the evening or at bedtime, and two
(15.4%; 11 [84.6%]) injected it once in the morning (P = 0.26).
Although insulin degludec has been shown to be longer acting
than other long-acting insulin formulations and more amenable
to stable absorption, thus providing a flat pattern of action19, it
has also been suggested that its insulin action might not always
remain stable because of its intra-individual variations28. Thus,
when insulin degludec is injected once in the evening or at
bedtime, its action is expected to peak during the night, and it
is likely that night-time insulin degludec could be associated
with the onset of NSH.

The present study had several limitations. First, it involved a
relatively small number of patients. Second, it was carried out
in an outpatient setting, and thus, the wake-up time and bed-
time varied from patient to patient. Third, it is possible that the
study might have failed to accurately grasp the bolus insulin
dose in patients with NH. Finally, the present study included
only patients receiving insulin degludec as a long-acting soluble
insulin. Clinical studies with larger sample sizes and a long-act-
ing soluble insulin other than insulin degludec should be car-
ried out in the future. Despite these limitations, however, the
study provides meaningful findings that will allow the onset of
NH or NSH to be predicted in clinical practice, even without
using CGM.
Our intention is that the data reported herein will find appli-

cations in clinical practice and prove helpful as reference data
in formulating a treatment approach for patients with type 1
diabetes that minimizes the risk of hypoglycemia.
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