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Abstract 
Background: Nocturnal hypoglycaemia is a burden for people with diabetes, particularly when treated with multiple daily 
injections (MDI) therapy. However, the characteristics of nocturnal hypoglycaemic events in this patient group are only 
poorly described in the literature. 

Method: Continuous glucose monitoring (CGM) data from 185 study participants with type 1 diabetes using MDI therapy 
were collected under everyday conditions for up to 13 weeks. Hypoglycaemic events were identified as episodes of 
consecutive CGM readings <70 mg/dl or <54 mg/dl for at least 15 minutes. Subsequently, the time <54 mg/dl (TB54), 
time below range (TBR), time in range (TIR), time above range (TAR), glucose coefficient of variation (CV), and incidence of 
hypoglycaemic events were calculated for diurnal and nocturnal periods. Furthermore, the effect of nocturnal hypoglycaemic 
events on glucose levels the following day was assessed. 

Results: The incidence of hypoglycaemic events <70 mg/dl was significantly lower during the night compared to the day, 
with 0.8 and 3.8 events per week, respectively, while the TBR, TB54, and incidence of events with CGM readings <54 mg/ 
dl was not significantly different. Nocturnal hypoglycaemic events <70 mg/dl were significantly longer (60 vs 35 minutes) 
and enveloped by less rapidly changing glucose levels. On days following nights containing hypoglycaemic events, there was a 
decrease in TAR, mean CGM glucose level and morning glucose levels and an increase in TB54, TBR, and CV. 

Conclusions: The results showed that nocturnal hypoglycaemic events are a common occurrence in persons with type 1 
diabetes using MDI with significant differences between the characteristics of nocturnal and diurnal events. 

Keywords 
nocturnal hypoglycaemia, time below range, hypoglycaemic event incidence, glycemic variability, somogyi effect 

Introduction 

The occurrence of hypoglycaemia is one of the main barri-
ers to achieving good glycemic control in people with type 
1 or insulin-treated type 2 diabetes mellitus. In particular 
nocturnal hypoglycaemia is of concern, as half of severe 
hypoglycaemic events have been reported to occur during 
sleep.1,2 Therefore, nocturnal hypoglycaemia imposes not 
only a substantial physiological, but also a psychological 
and socio-economic burden on people with diabetes, as dis-
cussed in an article by Kulzer et al3 published in the same 
special issue as this article. Continuous glucose monitoring 
(CGM) systems coupled with devices for continuous subcu-
taneous insulin infusion, first using a low glucose suspend 
feature,1,4 and more recently, as part of automated insulin 
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delivery systems,5 have mitigated the problem of nocturnal 
hypoglycaemia. 

However, these insulin pump–based technological solu-
tions are not available to persons with diabetes using multi-
ple daily insulin injection (MDI) therapy, which were 
estimated to make up approximately 34% of all patients with 
type 1 diabetes in the United States in 2021,6 and approxi-
mately 65% of adults with type 1 diabetes in Germany in 
2022.7 The combination of MDI and CGM for the treatment 
of persons with type 1 diabetes has shown to reduce the fre-
quency of overall but also nocturnal hypoglycaemia.1 

However, the studies mainly used early-generation, adjunc-
tive CGM systems,8-10 included specific participant popula-
tions,11 or had short observation periods.12 Furthermore, the 
definition of a hypoglycaemic event was inconsistent across 
studies which impairs the comparability of the findings. As a 
result, the characteristics of overall, and in particular noctur-
nal hypoglycaemia in the general population of type 1 diabe-
tes patients using MDI and a modern, non-adjunctive CGM 
system, observed over several weeks, have not been 
examined. 

The aims of this article are therefore threefold. The first 
aim is to provide a transparent and well-described definition 
of hypoglycaemic events, based on the consensus recom-
mendations by Danne et al.13 The second aim is to determine 
the extent to which the complication of overall and nocturnal 
hypoglycaemia persists in persons with type 1 diabetes using 
CGM and MDI, by characterizing the incidence and time 
course of hypoglycaemic events with an emphasis on the dif-
ference between nocturnal and diurnal events. The third aim 
is to examine the relationship between the occurrence of noc-
turnal hypoglycaemic events and glucose levels the follow-
ing day. 

Methodology 

Study design and data collection 

The data used in this article were collected in a previously 
unpublished observational, multicentre study. After receiv-
ing approval from the responsible ethics committee, the 
study was conducted between February 2017 and March 
2018 in 15 specialized diabetes practices and research cen-
ters in Germany. The main purpose of the study was the 
development and assessment of methods for the prediction 
of glucose levels. This article thus presents a secondary anal-
ysis not within the scope of the original study design. 

The main study inclusion criteria were age ≥18 years, 
diagnosis of type 1 diabetes mellitus for >1 year and treat-
ment via MDI. The main exclusion criteria were pregnancy, 
severe chronic or acute illness that might interfere with study 
conductance or results, use of acetaminophen and employ-
ment involving shift work, in particular during night. 

After study inclusion, baseline characteristics of the par-
ticipants including HbA1c measurements were documented. 

The participants were trained in the use of a CGM system 
(Dexcom G5 Mobile, Dexcom Inc., San Diego, USA), 
including the performance of calibrations with capillary 
blood glucose measurements (Accu-Chek® Aviva blood glu-
cose monitoring system, Roche Diabetes Care GmbH, 
Mannheim, Germany). During the study, the participants 
used the CGM system under everyday conditions for up to 
13 weeks, thereby following their normal daily routine. The 
CGM system was not blinded and the glucose information 
displayed on the connected smart device could be used to 
make therapy decisions. 

CGM data processing 

Gaps in the CGM data shorter than 30 minutes were 
imputed using linear interpolation.14 Individual CGM 
recordings indicating a rate of change >10 mg/dl/min 
(0.55 mmol/l/min) in either direction were removed as 
such rapid changes in prevailing glucose levels are physi-
ologically implausible and are indicative of discontinuities 
in the signal due to user calibration. CGM readings below 
the lower measurement limit of 40 mg/dl (2.2 mmol/l) 
were replaced with a value of 40 mg/dl. For the data of a 
participant to be included in the analysis, at least 14 days of 
CGM data with a daily data recovery rate of at least 80% 
had to be available.13 A day was defined as the time between 
00:00 and 23:59, divided in a nocturnal or nighttime period 
from 00:00 to 05:59 and a diurnal or daytime period from 
06:00 to 23:59.13 Morning glucose levels were calculated 
for each day as the mean of CGM readings between 06:00 
and 07:59. 

Identification of hypoglycaemic events 

Based on the consensus statement by Danne et al,13 and 
given a CGM system with a 5-minute sampling interval, the 
start of a hypoglycaemic event was defined as the time point 
of the first of at least four consecutive CGM readings (≥15 
minutes) below the threshold. Correspondingly, the end of a 
hypoglycaemic event was defined as the time point of the 
last CGM reading below the threshold, which is followed by 
at least four consecutive CGM readings (≥15 minutes) at or 
above the threshold. Therefore, the minimum duration of a 
hypoglycaemic event is 15 minutes and can contain episodes 
of up to three consecutive CGM readings above the threshold 
(Figure 1a-b). 

In accordance with Danne et al,13 we chose thresholds of 
70 mg/dl (3.9 mmol/l) and 54 mg/dl (3.0 mmol/l) to identify 
general hypoglycaemic events and level 2 (L2) hypoglycae-
mic events, respectively. This means that every L2 event is 
contained within a general event and multiple L2 events can 
occur within the same general event (Figure 1b-c). Events 
were assigned to the nocturnal or diurnal time period depend-
ing on the time of the start of the events. 

https://23:59.13
https://available.13
https://interpolation.14
https://periods.12
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Figure 1. Illustrations of the hypoglycaemic event identification (light red: general event <70 mg/dl; dark red: level 2 event 
<54 mg/dl) on artificial CGM profiles. Panel a: After identifying the beginning of the event at 30 minutes, the event is extended to 
the time point at 80 min, as the three consecutive CGM readings ≥70 mg/dl within the event only constitute 10 minutes. Panel b: 
The beginning of the event is identified at 65 minutes, as the three consecutive CGM readings <70 mg/dl at 35, 40, and 45 minutes 
do not constitute a beginning. Panel c: The level 2 event is fully enveloped by a general event. Panel d: Two separate level 2 events 
within the same general event. 

Statistical analysis 

Time <54 mg/dl (TB54), time below range (TBR), time in 
range (TIR), and time above range (TAR) were calculated as 
the percentage of CGM readings <54 mg/dl (3.0 mmol/l), 
<70 mg/dl (3.9 mmol/l), 70-180 mg/dl (3.9-10.0 mmol/l), 
and >180 mg/dl (10.0 mmol/l) out of all available CGM 
readings for each participant separately. Similarly, glycemic 
variability was assessed using the coefficient of variation 
(CV) calculated as the ratio between standard deviation and 
the mean value of the available CGM readings in percent. To 
compare TB54, TBR, TIR, and TAR between nocturnal and 
diurnal periods, they were calculated from CGM readings 
assigned to the corresponding time periods. The participant-
specific CVs during the overall, nocturnal and diurnal peri-
ods were calculated as the mean of daily CVs, thus reflecting 
the glycemic variability within days as well as within noctur-
nal and diurnal periods. 

The incidence of hypoglycaemic events was expressed as 
the number of events per week. While this quantification has 
a useful clinical interpretation, it prohibits a direct compari-
son between the incidence during nocturnal and diurnal peri-
ods due to the differences in the duration of nighttime 
(6 hours) and daytime (18 hours). The incidence of hypogly-
caemic events was therefore normalized by expressing it as 

the number of events per 100 hours of night- and daytime, 
respectively. To further characterize the events, their dura-
tion was calculated. In addition, the median time courses of 
CGM levels before, during, and after hypoglycaemic events, 
aligned with the time of start and end, were determined. 

To assess whether nocturnal hypoglycaemia events were 
associated with changes in glycaemia during the next day, 
the following analysis was carried out. First, participants 
without any nocturnal hypoglycaemic events were excluded. 
Subsequently, all diurnal periods from a specific participant 
were categorized into periods with and without at least one 
hypoglycaemic event the previous night. After that, the diur-
nal TB54, TBR, TIR, TAR, CV, mean CGM glucose level 
and morning glucose level across all categorized time peri-
ods were calculated for each study participant separately. 
Finally, the differences between these metrics on days with 
and without preceding nocturnal hypoglycaemic events 
were calculated. Here, positive differences indicate an 
increase in the metric of interest following a night with a 
hypoglycaemic event, whereas negative differences indicate 
a decrease. 

Throughout the article, numerical results are provided as 
the median and interquartile range. To assess statistical dif-
ferences, non-parametric tests in the form of the Wilcoxon 
signed-rank test for paired data and the Mann-Whitney U 
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rank test for unpaired data with a significance threshold of 
0.05 were applied. 

Results 

Participant population 

A total of 209 study participants were enrolled, of which 10 
subjects dropped out after enrolment. After data processing 
and application of the previously described data exclusion 
criteria, data from 185 participants were included in the anal-
ysis. The baseline descriptive characteristics of the partici-
pant population are shown in Table 1. In accordance with the 
inclusion criteria, all participants were diagnosed with type 1 
diabetes and treated with MDI using a basal-bolus regimen. 
For that, most of the participants used analogue insulins. 
Overall, the analyzed data set consisted of 8905 patient-days 
(24.4 patient-years) of CGM data. 

Characteristics and effects of hypoglycaemic 
events 

The glycemic control metrics and incidence of hypoglycae-
mic events during the complete study (overall time period), 
as well as separated by night- and daytime are shown in 
Table 2. In total, 97.3% of the participants experienced at 
least one hypoglycaemic event <70 mg/dl over all time peri-
ods, and 90.3% of participants experienced at least one noc-
turnal hypoglycaemic event. Considering only L2 events, the 
corresponding percentages are 87.6% for all time periods 
and 65.9% for nocturnal events only. No severe hypoglycae-
mic event requiring third-party assistance was observed dur-
ing the study. The percentages of days with at least one 
general and L2 event were 46.7% and 16.6%, respectively. 

The only glycemic control metric that showed a signifi-
cant difference between day- and nighttime was the CV, with 
nocturnal CVs being decreased. In particular, TBR showed 
no significant difference, while the normalized incidence of 
general nocturnal hypoglycaemic events was lower, which 
was not the case for L2 events. The hypoglycaemic event 
incidences for each participant grouped by the corresponding 
participants’TIR are shown in Figure 2. More detailed distri-
butions of the hypoglycaemic event start times with respect 
to the time of day are displayed in Figure 3. 

The median time profiles of nocturnal and diurnal hypo-
glycaemic events as well as the time before and after are 
shown in Figure 4. It demonstrates that general nocturnal 
hypoglycaemic events were longer in duration in compari-
son to diurnal events (60 [30-105] minutes vs 35 [25-55] 
minutes, P < .001). L2 hypoglycaemic events were on aver-
age shorter in duration, compared to events <70 mg/dl, with 
the difference between nocturnal and diurnal events being 
less pronounced (35 [20-65] minutes vs 25 [20-40] minutes, 
P < .001). 

Table 1. Baseline Descriptive Characteristics of the Participant 
Population (n = 185). 

Demographic Value 

Gender, n (%) 
Female 73 (39.5) 
Male 112 (60.5) 

Diabetes duration, years 
Mean (SD) 15.5 (11.4) 
Median (minimum, maximum) 13.1 (1.0, 53.2) 

Age, years 
Mean (SD) 41.8 (12.3) 
Median (minimum, maximum) 42.0 (18.0, 66.0) 

Body-mass index, kg/m2 

Mean (SD) 26.7 (4.9) 
Median (minimum, maximum) 26.1 (16.4, 51.2) 

HbA1c, % 
Mean (SD) 7.6 (1.3) 
Median (minimum, maximum) 7.5 (5.1, 12.4) 

Days with data, n 
Mean (SD) 48.1 (13.8) 
Median (minimum, maximum) 49.0 (14.0, 91.0) 

Abbreviation: SD, standard deviation. 

The results of analyzing the effect of nocturnal hypogly-
caemic events on glucose levels during the following day are 
shown in Table 3. 

Discussion 

This analysis examined the characteristics and consequences 
of nocturnal hypoglycaemic events in a population of per-
sons with diabetes type 1 treated with MDI therapy using 
CGM. One of the main findings of this analysis is that noc-
turnal hypoglycaemic events with CGM readings <70 mg/dl 
occurred less frequently in comparison to diurnal events, 
even when accounting for the different lengths of night and 
day, whereas the incidence of L2 hypoglycaemic events with 
CGM readings <54 mg/dl was not significantly different 
between night and day. In contrast, the duration of both types 
of hypoglycaemic events was significantly longer during the 
night (60 minutes vs 35 minutes for a threshold of 70 mg/dl; 
35 minutes vs 25 minutes for a threshold of 54 mg/dl) which 
can explain the similar TBRs and TB54s during night- and 
daytime. In addition to the duration, the CGM readings 
before and after a hypoglycaemic event were different 
between night- and daytime as shown in Figure 4. Analyzing 
the distribution of hypoglycaemic event start times over the 
course of the day (Figure 3) showed considerable heteroge-
neity. In particular, hypoglycaemic events were least com-
mon in the morning hours and most common around lunch 
and dinner time. There was also a clear reduction in the 
occurrence of hypoglycaemic events starting between 04:00h 
and 05:59h compared to the preceding night hours. 
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Table 2. Glycemic Control Metrics and Incidence of Hypoglycaemic Events During the Complete Study (Overall), as Well as Separated 
by Night- and Daytime. 

Overall time period Nighttime, 00:00-05:59 Daytime, 06:00-23:59 
P value, night 

vs day* 

Glycemic control metrics 
Time below 54 mg/dl 0.6% (0.2-1.3) 0.5% (0.1-1.4) 0.5% (0.2-1.1) .112 
Time below range (<70 mg/dl) 3.2% (1.4-5.0) 2.8% (0.9-5.2) 3.0% (1.4-4.8) .963 
Time in range (70-180 mg/dl) 61.8% (51.5-74.0) 63.4% (49.8-77.0) 61.0% (52.1-75.0) .206 
Time above range (>180 mg/dl) 34.2% (22.2-44.5) 33.0% (19.7-46.2) 35.5% (21.3-44.9) .092 
Coefficient of variation 31.8% (28.5-35.0) 17.8% (14.2-20.8) 31.5% (28.2-34.5) <.001 

Incidence of general hypoglycaemic events 
Number of events per week 5.0 (2.4-7.4) 0.8 (0.3-1.5) 3.8 (2.1-6.1) -
Number of events per 100 hours - 1.9 (0.7-3.5) 3.0 (1.7-4.9) <.001 

Incidence of level 2 hypoglycaemic events 
Number of events per week 1.1 (0.3-2.3) 0.2 (0.0-0.6) 0.7 (0.2-1.7) -
Number of events per 100 hours - 0.6 (0.0-1.4) 0.6 (0.1-1.4) .984 

Results are presented as median (interquartile range). 
*P values were calculated using the Wilcoxon signed-rank test. 

Figure 2. Participant-specific incidences of general (panel a) and level 2 (panel b) hypoglycaemic events grouped by their overall time in 
range observed during the study. Shown are median and interquartile range. 

Examining the relationship between the participants’ 
TIR over the entire study and their incidence of hypogly-
caemic events (Figure 2) revealed that participants with a 
TIR between 70% and 85% who met the target of >70%,15 

had the highest incidence of general hypoglycaemic 
events across all time periods, and an incidence of L2 
hypoglycaemic events similar to participants with a TIR 
≤55%. While there was also a large variability between 
participants, this indicates that even patients with a TIR 
above the target can suffer from a high hypoglycaemic 
event incidence. Only when TIR was >85%, a consider-
able reduction in the hypoglycaemic event incidence was 
observed. 

Although hypoglycaemia is a well-studied acute compli-
cation of diabetes management, it is difficult to compare the 
results presented in this article with the findings reported in 
the literature. While the CGM-identified frequency of noc-
turnal or overall hypoglycaemic events in participants using 
MDI have been reported,10-12,16 the results are not directly 
comparable because of differing definitions of hypoglycae-
mic events with respect to duration and thresholds. 
Furthermore, only one of these studies made a similar com-
parison between CGM-identified nocturnal and diurnal 
hypoglycaemic events, meaning the exact definition of a 
hypoglycaemic event is less relevant when comparing 
results. In fact, their results showed a similar pattern to the 
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Figure 3. Distribution of general (CGM readings <70 mg/dl, n = 6869) and level 2 (CGM readings <54 mg/dl, n = 1865) 
hypoglycaemic event start times over the course of the day. 

Figure 4. Median time profiles and interquartile range (error bars) of nocturnal and diurnal hypoglycaemic events normalized to the 
start/end of the events with CGM readings <70 mg/dl (panels a and b), and with CGM readings <54 mg/dl (panels c and d). 
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Table 3. Diurnal (06:00-23:59) Glycaemia Metrics on Days With and Without Nocturnal Hypoglycaemic Events. 

Days after night WITH Days after night WITHOUT 
hypoglycaemic event hypoglycaemic event Median difference (95% CI)a P value* 

General hypoglycaemic events <70 mg/dl 
(n = 167) 
Time below 54 mg/dl 0.6% (0.0 to 1.7) 0.4% (0.2 to 1.1) +0.0% (−0.0 to 0.2) .001 
Time below range (<70 mg/dl) 4.4% (1.9 to 7.1) 3.1% (1.5 to 4.8) +1.0% (0.5 to 1.6) <.001 
Time in range (70-180 mg/dl) 63.8% (54.0 to 75.0) 62.3% (53.7 to 75.0) +0.7% (−0.4 to 2.0) .209 
Time above range (>180 mg/dl) 31.7% (18.5 to 40.3) 34.3% (21.1 to 43.1) −2.5% (−4.0 to −1.2) <.001 
Coefficient of variation 33.8% (29.3 to 37.6) 31.8% (28.4 to 34.2) +1.4% (0.7 to 2.2) <.001 
Mean CGM glucose level 155.5 mg/dl (135.5 to 169.1) 160.5 mg/dl (143.4 to 174.5) −5.4 mg/dl (−6.9 to −3.5) <.001 
Morning CGM glucose level 125.7 mg/dl (102.2 to 150.9) 156.9 mg/dl (138.7 to 178.0) −25.3 mg/dl (−31.8 to −19.4) <.001 

Level 2 hypoglycaemic events <54 mg/dl 
(n = 122) 
Time below 54 mg/dl 0.9% (0.0 to 2.7) 0.7% (0.3 to 1.4) +0.2% (−0.0 to 0.5) <.001 
Time below range (<70 mg/dl) 5.4% (2.0 to 8.8) 3.8% (2.1 to 5.8) +1.1% (0.5 to 1.9) <.001 
Time in range (70-180 mg/dl) 62.7% (51.5 to 71.8) 61.1% (52.9 to 73.3) −1.6% (−3.4 to 0.3) .160 
Time above range (>180 mg/dl) 33.3% (17.4 to 43.5) 34.6% (21.7 to 42.7) −1.2% (−2.7 to 1.6) .466 
Coefficient of variation 34.5% (29.2 to 39.9) 32.8% (29.9 to 35.9) +2.0% (0.9 to 3.3) .004 
Mean CGM glucose level 158.7 mg/dl (134.8 to 173.6) 160.9 mg/dl (143.0 to 173.8) −4.7 mg/dl (−7.7 to −0.6) .170 
Morning CGM glucose level 130.9 mg/dl (110.2 to 164.0) 157.0 mg/dl (138.7 to 175.6) −18.5 mg/dl (−26.8 to −9.2) <.001 

Results are presented as median (interquartile range). 
Abbreviations: CI, confidence interval; CGM, continuous glucose monitoring. 
aConfidence interval (CI) of the median difference was calculated using the Hettmasperger-Sheather method. 
*P values test the difference in metrics between days after a night with and without nocturnal hypoglycaemic event using the Wilcoxon signed-rank test. 

present article of lower general, and similar L2, hypoglycae-
mic event incidences during the night.10 

Finally, this article analyzed the effect of nocturnal hypo-
glycaemic events on glycaemia the following day (Table 3). 
For days, following nights containing at least one hypogly-
caemic event, there was a change in almost all examined 
glycemic metrics, with a decrease in TAR, mean CGM glu-
cose level and morning glucose levels and an increase in 
TB54, TBR, and CV. This increase indicates that nocturnal 
hypoglycaemic events are associated with a higher glucose 
variability and risk of hypoglycaemic events the following 
day. However, the clinical relevance of the effect size 
appears to be limited. The observed reduction of morning 
glucose levels after nights with a hypoglycaemic event 
agrees with a previous study17; therefore, providing addi-
tional evidence for the rarity of the Somogyi effect, which 
postulates that fasting hyperglycaemia can be caused by the 
release of counter-regulatory hormones in response to noc-
turnal hypoglycaemia. 

The dataset underlying this analysis has several limita-
tions that should be discussed. The use of optional hypo-
glycaemia alert functions of the CGM system, apart from 
the default alert setting for CGM readings ≤55 mg/dl, was 
not controlled. Therefore, it is not known to which extent 
hypoglycaemia alerts influenced its incidence. Another 
limitation is the CGM system used (Dexcom G5), which is 
an older-generation CGM system with a reduced accuracy 
in comparison to newer CGM system generations.18,19 

While this CGM system has shown reduced accuracy at 
glucose levels <70 mg/dl, it is difficult to infer how this 
affected the identification of hypoglycaemic events. 

Furthermore, information on insulin administration and 
food intake, as well as certain aspects of the participants’ 
behavior such as exercise or alcohol consumption was not 
included in the analysis. In addition, the presence of 
diabetes-related complications, in particular impaired 
hypoglycaemia awareness (IHA), was not documented, 
which impaired the ability to judge the extend by which 
the study population represent the general cohort of peo-
ple with type 1 diabetes using MDI. Here, the fact that no 
severe hypoglycaemic episode occurred throughout the 
study indicates that people with IHA might have been 
underrepresented. A general issue when using CGM sys-
tems is the fact that the detection of nocturnal hypogly-
caemic events was likely influenced by the possible 
occurrence of pressure-induced sensor attenuations, also 
known as compression artifacts. These artifacts are char-
acterized by a sudden drop in CGM readings and are more 
common during the night because of lying on the sensor 
which can lead to reduced circulation in the tissue around 
the sensor insertion site.20 Some of these artifacts were 
likely removed during the data processing by identifying 
changes in the CGM signals >±10 mg/dl/min; however, 
the possible presence of remaining artifacts might have 
overestimated incidence of nocturnal hypoglycaemic 
events. Finally, it should be mentioned that the nocturnal 
period (00:00 to 05:59) does not necessarily coincide with 
actual sleep, despite the fact that nightshift work was 
among the exclusion criteria for this study. Here, a recent 
study showed that there can be a difference in the hypo-
glycaemic event incidence depending on whether clock or 
actual sleep time is considered.21 

https://considered.21
https://night.10
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Conclusion 

This study and analysis showed significant differences 
between the characteristics of nocturnal and diurnal hypo-
glycaemic events in patients on MDI therapy who use a 
CGM system. Further research into this topic by applying the 
approach to hypoglycaemic event identification and analysis 
presented in this article to other data sets collected on similar 
or different patient groups is encouraged. 

The results of this study showed that nocturnal and over-
all hypoglycaemic events are a common occurrence in per-
sons with type 1 diabetes using MDI therapy, even when 
current TIR targets are met. While patients using continuous 
subcutaneous insulin infusion can access technical solutions 
for the mitigation of nocturnal hypoglycaemic events, this 
study suggests that similar technological support systems for 
the prevention of nocturnal hypoglycaemic events in patients 
on MDI therapy could be beneficial. 

Abbreviations 

CGM, continuous glucose monitoring; CV, coefficient of variation; 
IHA, impaired hypoglycaemia awareness; L2, level 2 hypoglycae-
mia; MDI, multiple daily injections; TAR, time above range; TB54, 
time <54 mg/dl; TBR, time below range; TIR, time in range. 
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