
Based on the baseline data of a multi-center randomized CGM trial (HypoDE), we analyzed the glucose recor-
dings of participants with an increased hypoglycemia frequency. All 126 participants had type 1 diabetes and 
were on an MDI insulin therapy (age 46.5±11.5 yrs., 36.5% female, HbA1c 7.5±1.0%, hypoglycemia unaware-
ness score 5.0±1.1). Each participant used a blinded CGM system (DexCom Gen 4) for 28 days. The percentage 
of glucose readings ≤70 mg/dl over a 24h period (6 am to 10 am; 10 am to 2 pm, 2 pm to 6 pm, 6 pm to 10 pm, 
10 pm to 2 am, and 2 am to 6 am) were analyzed. During the whole day, on average 7.6% of all 288 glucose rea-
dings per patients were ≤70 mg/dl. From morning to evening, 192 of ≤70 mg/dl readings were between 7.0% 
and 7.3%. In the early night, this percentage was lower than during the late night, in which the percentage of 
≤70 mg/dl values rose to >10% (p<0.001). A similar pattern could be observed for mean glucose values during 
these intervals (figure).

Since study participants were at higher risk for 
hypoglycemia, they appear to have an elevated 
bedtime glucose in order to avoid nocturnal hypo-
glycemia. This worked well during the first half of 
the night; however, during the second half of the 
night the hypoglycemia risk increased considerab-
ly. A modification of nocturnal basal insulin supply 
should be considered in this high risk group.

A B S T R A C T

Nocturnal hypoglycemia is a challenge for people with diabetes and reduced hypoglycemia awareness. 
We examined the frequency of hypoglycemic glucose readings during night time, by using continuous 
glucose monitoring (CGM) in participants of a multi-center randomized trial (HypoDE). The HypoDE study 
is a CGM trial conducted in specialized diabetological outpatient clinics in Germany with type 1 diabetic 
patients, who have an elevated risk of hypoglycemia and are on a multiple daily insulin injections the-
rapy (MDI). Specifically, we analyzed if hypoglycemic glucose readings occurred preferably during early 
(10:00 pm to 02:00 am) or late night (02:00 am to 06:00 am). In a second step, we analyzed if treatment 
factors, hypoglycemia unawareness, glycemic control or demographic factors were associated with the 
risk of nocturnal low glucose readings.

B A C K G R O U N D

M E T H O D SM E T H O D SM E T H O D S
We analyzed baseline data of 126 participants of the HypoDE study. Each participant used a blinded 
CGM system (Dexcom G4) for 28 days. The mean sensor glucose and the percentage of glucose readings 
≤70 mg/dl and ≤55 mg/dl during different times of a day (6 am to 10 am; 10 am to 2 pm, 2 pm to 6 pm, 
6 pm to 10 pm, 10 pm to 2 am, and 2 am to 6 am) were analyzed. Participants also completed a Hypo-
glycemia Unawareness Questionnaire (Scale range from 0 = maximum hypoglycemia awareness to 7 = 
maximum hypoglycemia unawareness). Questionnaire authors suggest a cut-off score of 4 to define hy-
poglycemia unawareness (Clarke et al. Diabetes Care, 1995, 18(4):517-522). In a second analyses step 
univariate and multivariate associations (stepwise logistic regression analysis) between late night hy-
poglycemic readings and treatment factors, history of hypoglycemia as well as medical or demographic 
variables were analyzed.

R E S U L T S
• Sample characteristics are described in table 1. Participants had a rather long diabetes duration and

a rather good glycemic control as indicated by a mean A1c of 7.5%. Many participants had experi-
enced severe hypoglycemic events during the past 12 months and asymptomatic mild hypoglycemia
was also reported by most of the patients. There was a high prevalence of hypoglycemia unaware-
ness in this sample as indicated by the mean score of the hypoglycemia unawareness questionnaire.

• The key CGM outcomes are reported in table 2. Mean wearing time of the blinded CGM device was
26.8 days. Mean sensor glucose correspondents to A1C. Overall 7.6 % of all glucose readings were
indicating mild hypoglycemia (≤ 70 mg/dl) and 3.3 % indicated more advanced hypoglycemia (≤ 55
mg/dl).

• The mild and moderate hypoglycemia readings during different times of the day are depicted in fi-
gures 1 and 2. Both figures show that mild and moderate hypoglycemia occurred preferably during
late night between 02:00 am and 06:00 am. Percentage of mild and advanced hypoglycemia were
below the average percentage of the whole day during the early night (10:00 pm to 02:00 am).
Quantile plots in figure 3 also indicate that the distribution of mild and advanced hypoglycemic glu-
cose readings during late night can be clearly discriminated from the distribution of these readings
during other times of the day.

• The mean glucose during late night was also significant lower than the average glucose level,
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C O N C L U S I O N
Nocturnal hypoglycemia was more frequent during the second half of the night. Since mean glucose 
values were significantly higher during the early night than the average glucose levels, it appears that 
participants might have elevated their bedtime glucose to avoid nocturnal hypoglycemia. This worked 
well during the first half of the night; however, during the second half of the night the hypoglycemia 
risk increased considerably. Multivariate analysis suggests that in this group insulin treatment was not 
associated with the risk of advanced hypoglycemia during the late night. Instead, hypoglycemia unawa-
reness and the mean glucose level were associated with late night hypoglycemia. This suggests that re-
duction of hypoglycemia unawareness might be important to reduce nocturnal hypoglycemia as well. In 
addition, technical solutions like CGM-based hypoglycemia alerts might be also able to reduce nocturnal 
hypoglycemia without compromising glycemic control.

Figure 5:  Difference between participants with and without late night glucose readings ≤ 55 mg/dl regarding 
treatment factors (use of analog prandial or basal insulin, number of basal insulin injections and daily 
insulin dose)
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whereas the mean glucose during the early night was significantly higher than the average glucose 
level (figure 4).

• Univariate analyses showed that advanced hypoglycemia during the late night was not associated
with treatment factors except the use of analog prandial insulin (figure 5), but with the total hypo-
glycemia unawareness score and previous mild or severe hypoglycemia (figure 6). Low mean sensor
glucose and A1c as well as long diabetes duration were associated with percentage of advanced hy-
poglycemic glucose readings (figure 7).

• A multivariate step-wise logistic regression analysis with advanced hypoglycemic glucose readings
as dependent variable (none in 22 participants, and 103 in participants with advanced hypoglyce-
mia glucose readings) showed that previous severe hypoglycemia and frequent asymptomatic bio-
chemical hypoglycemia were associated with a 8.35-fold respectively 8.94-fold increase for the risk
of late night hypoglycemia, whereas the increase of mean sensor glucose per 27 mg/dl lowered the
risk by 58% (figure 8).

Table 2:   CGM characteristics

Figure 8:  Results of a multivariate stepwise logistic regression analysis (Model fit of logistic regression analysis ex-
pressed as Nagelkerke R² = 0.35)

Figure 7:  Difference between participants with and without late night glucose readings ≤ 55 mg/dl regarding de-
mographic factors (age or diabetes duration) and indicators of glycemic control (A1c and mean sensor 
glucose)

Figure 6:  Difference between participants with and without late night glucose readings ≤ 55 mg/dl regarding hy-
poglycemia unawareness score and the occurrence of mild or severe hypoglycemia

Table 1:   Sample characteristics

Figure 1:  Percentage of glucose readings ≤ 70 mg/dl ( ± 95% confidence interval) depending on time of the day

Figure 2:  Percentage of glucose readings ≤ 55 mg/dl ( ± 95% confidence interval) depending on time of the day

Figure 3:  Quantile Plots of the distribution of low glucose readings on different times of the day (≤ 70 mg/dl  and ≤ 
55 mg/dl)

Figure 4:   Mean sensor glucose readings in mg/dl (± 95% confidence interval) depending on time of the day
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