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Objective: Tandem Control-1Q is an advanced hybrid closed loop (AHCL)
system with a Sleep Activity Mode to intensify glycemic control overnight.
The aim of the study is to evaluate the effectiveness of using Sleep Mode or not
among Tandem Control-1Q users.

Research design and methods: We performed a retrospective Tandem
Control-1Q data download for patients followed at IRCCS G. Gaslini Pediatric
Diabetes Centre. We divided the patients into group 1 (Sleep Mode users) and
group 2 (non-users) and compared their overall glycemic data, particularly
during nighttime.

Results: Group 1 (n = 49) does not show better nocturnal glycemic control as
expected when compared with group 2 (n = 34). Group 2 shows a nighttime
TIR% of 69.50 versus 66.25 (p = 0.20). Only the patients who do not use Sleep
Mode and with sensor and automatic mode use >90% reached TIR >70% during
nighttime, as well as lower nocturnal TAR% (18.80 versus 21.78, p = 0.05).

Conclusions: This is the first study that evaluates the real-life effectiveness of
the use of Sleep Mode in young patients with T1D. Control-1Q Sleep Activity
Mode may not be as effective in Italian patients as in American patients due to
the different habits.
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TIR (time in range), CGM (continuous glucose monitoring), Type 1 diabetes (T1D),
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Introduction

The management of type 1 diabetes (T1D) has changed
substantially in the last few years. New technologies allow the
improvement of glycemic control by reducing the risk of
hypoglycemia and hyperglycemia and decrease the rate of
diabetes complications (1-3). Since the FDA approved the first
hybrid closed loop (HCL) system, further advanced devices
which integrate insulin infusion with continuous glucose
monitoring (CGM) have been commercialized (4-6).

The goal of advanced hybrid closed loop (AHCL) technology
is to reduce the burden of managing diabetes by automatically
adjusting insulin delivery based on CGM data. Using CGM data,
AHCL systems predict glucose values and adjust insulin delivery
in order to keep glycemic values in a target range (7, 8).

The Tandem t:slim X2 insulin pump (Tandem Inc., San
Diego, CA, USA) uses a Dexcom G6 sensor (Dexcom Inc., San
Diego, CA, USA) and a closed loop algorithm (Control—IQTM)
that automates basal insulin delivery and correction boluses,
prevents and protects against hypoglycemia, and intensifies
control overnight (9).

The Control-IQ system works based on well-defined target
and treatment ranges with the aim of implementing the time
spent in the recommended target range. When the predicted
glucose value in the following 30 min is between 112.5 and 160
mg/dl, the pump delivers the basal insulin rate based on the
active personal profile. When the predicted glucose value
is <112.5 mg/dl, Control-IQ technology decreases personal
insulin delivery rate and completely stops basal insulin
delivery when predicted glucose values are below 70 mg/dl
When the predicted glucose value is above 160 mg/dl, the pump
increases basal insulin delivery and delivers an automatic
correction bolus if the predicted value is greater than 180 mg/
dl. The system is able to deliver a maximum of one correction
bolus per hour (reduced by 60% compared with the calculated).

Control-IQ technology has two integrated modes to
optimize glycemic control during the night and during
exercise; these modes can be activated and deactivated
manually or scheduled by the patient. The Sleep Activity
Mode works on a target range of 112.5-120 mg/dl instead of
112.5-160 mg/dl. When the predicted glucose value is >120 mg/
dl, the pump increases the delivery of basal insulin, but it does
not deliver correction boluses.

Currently, good glycemic control is defined on the basis of
CGM data by the International Consensus as follows: time in
range (TIR) (70-180 mg/dl) >70%, time below range (TBR) (<70
mg/dl) <4%, TBR (<54 mg/dl) <1%, time above range (TAR)
(>180 mg/dl) <25%, and TAR (>250 mg/dl) <1% (10, 11).

Data from the first studies on the Control-IQ system in
children and adults with type 1 diabetes have shown
encouraging results in terms of glycemic outcomes and patient
satisfaction (12, 13). Several multicenter randomized trials and
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real-life studies in children, adolescents, and adults
demonstrated the efficacy of the Control-IQ technology when
compared to the sensor-augmented pump, Basal-IQ technology,
and other AHCL systems (14-20). The Control-IQ technology
has been shown to be effective in terms of patient satisfaction,
improvement of quality of life and quality of sleep for patients
and parents, ease of use, and improvement of positive emotions
(21-24).

Most studies have shown that the improvement in time in
range is better overnight, which is consistent with the Control-
IQ algorithm design (12-16, 19). Despite the evidence on the
efficacy of the overnight system, there are no clinical studies
evaluating the effectiveness of using or not using Sleep Mode
among Tandem Control-IQ users.

The aim of this study was to compare glycemic control
(globally and overnight) between Sleep Mode users and non-
users in a cohort of children and young patients with type 1
diabetes using Control-IQ technology.

Materials and methods
Study design and study population

This was a retrospective study conducted in the Regional
Reference Centre for Pediatric Diabetes, Istituto Giannina
Gaslini, Genoa, Italy, a tertiary care pediatric hospital of
Liguria, northwest Italy.

Patients were enrolled according to the following inclusion
criteria: T1D diagnosis at least 1 year prior to the study, Tandem
Control-IQ use for at least 1 month, and data download from
February to May 2022 during an outpatient visit or a
telemedicine visit. The exclusion criteria were as follows:
percentage of use of automatic mode and/or sensor less than
80%, infections, or major changes in the usual lifestyle in the 14
days prior to data download (traveling, holidays, sickness).

Data collection

During the first routine follow-up visit in which the
inclusion criteria were met, the following data were collected
for each patient: demographic data (sex, date of birth, age), age at
clinical onset of T1D, duration of disease, time of use of the
Control-IQ system, CGM data of the 14 days before the checkup,
bolus time, and average consumption of carbohydrates (CHO) at
dinner in the previous 14 days.

Study outcomes

We divided the patients into two groups: group 1 (users of
Sleep Mode for at least 6 h a night) and group B (non-users of
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Sleep Mode). During the Tandem Control-IQ training at our
center, the Sleep Mode function is explained to all patients; then,
they independently choose whether to set Sleep Mode or not.
The following parameters were compared between the two
groups: TIR, TAR, TAR >250 mg/dl, TBR, TBR <54 mg/dl,
coefficient of variation (CV), standard deviation (SD), mean
glucose value, glucose management indicator (GMI), percentage
of sensor use, percentage of time in automatic mode, and
percentage of time spent in Sleep Mode. We also compared
the following data relating only to the night period (from 0 a.m.
to 6 a.m.) between the two groups: TIR, TAR, TAR >250 mg/d],
TBR, TBR <54 mg/dl, CV, SD, and mean glucose value.

In addition, we decided to restrict the data analysis to
patients who used sensor and automatic mode for a
percentage of time greater than 90%, in order to select patients
with the best possible use of the Control-IQ algorithm.

Considering the retrospective nature of the study, the
informed consent form already signed by parents and/or
patients at disease onset and renewed yearly, in which they
agree on the use of clinical data for research purposes, was used.
In addition, all parents and patients provided a specific informed
consent form for the collection of data. The study was conducted
in accordance with the Declaration of Helsinki and the
International Conference on Harmonization Good
Clinical Practice.

Statistical analysis

Data are described as mean and SD or median and range for
continuous variables and as absolute and relative frequencies for
categorical variables.

Non-parametric analysis (Mann-Whitney U test) for
continuous variables and the chi-square or Fisher’s exact test
for categorical variables were used to measure differences
between groups. p-values <0.05 were considered statistically
significant, and all p-values were based on two-tailed tests.
Statistical analysis was performed using SPSS for Windows
(SPSS Inc., Chicago, IL, USA).

Results

Data from a total of 110 T1D patients using Tandem
Control-IQ (aged 4 to 35 years) were retrospectively collected
at the IRCCS G. Gaslini Pediatric Diabetes Centre. We excluded
27 patients: 13 did not perform a visit or data download in the
study period, 6 were diagnosed with diabetes in the previous
year, 7 had become Tandem Control-IQ users less than a month
prior to the beginning of the study period, and 1 used Sleep
Mode for less than 6 h. We collected data of the remaining 83
T1D patients: 49 of these patients (group 1) used Sleep Mode
and 34 (group 2) did not use it. Most patients of group 1 (n = 42)
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had scheduled Sleep Mode between 11 p.m. and 7 a.m.; the
remaining 7 patients had scheduled it at different times between
10 p.m. and 8 a.m. and always for a duration of at least 6 h.

No significant differences were found in the clinical and
demographic characteristics of the patients belonging to the two
groups, with the exception of the percentage of nighttime sensor
use, which was greater than 95% in both groups, as well as the
duration of AHCL use (328.39 £+ 111.34 days in group 1 and
181.50 £ 150.83 days in group 2, p = 0.001). Particularly, in our
study population, the mean time of bolus for dinner was 8:17
p-m., and the mean number of carbohydrates consumed at
dinner was 69.31 g; no significant differences were observed
between the two groups for these meal parameters. The
characteristics of the study population are summarized
in Table 1.

The differences in overall and nocturnal glycemic control
between the two groups are shown in Table 1. Group 1 had a
similar TIR% compared with group 2 both overall (67.80 + 12.13
versus 70.79 + 11.07, p = 0.20) and during nighttime (66.25 *
15.45 versus 69.50 + 13.55, p = 0.51).

Limiting the analysis to patients with percentage of time of
sensor use and automatic mode use 290% (N of patients = 71),
data confirmed a similar TIR% in group 1 compared with group
2 overall (68.00 * 12.81 versus 71.97 + 9.58, p = 0.20) and during
nighttime (66.52 + 15.76 versus 70.77 + 12.46, p = 0.43). A
statistically significant difference between the two groups in
terms of TAR% (21.78 + 7.10 in group 1 versus 18.80 + 5.94
in group 2, p = 0.05) was observed (Table 2).

No statistically significant differences in terms of TBR, CV,
SD, mean glucose, and GMI were found between the two groups
in either the original or the restricted analysis (Tables 1, 2).
Further stratifying the analysis between age groups (<18 and >18
years), no significant differences were found for all the nocturnal
parameters analyzed.

Comparing the patients’ nighttime TIR (TIR >70%, TIR
50%-70%, and TIR <50%), data showed that the percentage of
patients that reach the recommended target of TIR >70% is
46.9% in group 1 and 58.8% in group 2. Patients who have a
nighttime TIR lower than 50% are 20.4% of group 1 and 5.9% of
group 2. Restricting the analysis to patients who used automatic
mode and sensor for more than 90% of the time, 19.5% of the
patients in group 1 and 3.3% in group 2 (p = 0.09) had nocturnal
TIR <50% (Tables 3, 4; Figure 1).

Discussion

The aim of this study was to compare real-life glycemic
control data between Tandem Control-IQ Sleep Mode Users
and non-users. To the best of our knowledge, this is the first
study to compare the overnight effectiveness of the Tandem
Control-IQ Sleep Mode compared with the Standard Control-
1Q algorithm.
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TABLE 1 Comparison of the overall and nighttime (h 24—6) glycemic control of Sleep Activity Mode users (group 1) and non-users (group 2);

analysis included patients using sensor and automatic mode >80% (N = 83).

Sleep Activity users (N = 49)

X+ SD
Gender, M (%) 23 (46.9)
Age (years) 17.09 + 6.01
Duration of disease (years) 829 +5.76
Sensor use (%) 94.61 + 3.24
Nighttime (h 24-6) sensor use (%) 97.75 + 3.29
Time in automatic mode (%) 94.84 + 3.89
Time in Sleep Activity Mode (%) 3271 + 567
Dinner CHO consumption (g) 67.02 + 23.93
Bolus time for dinner (hh:imm—p.m.) 8:19 + 37:56

Duration of AHCL use (days)

TIR (%) 67.80 + 12.13
TAR (%) 21.59 + 6.78
TAR >250 mg/dl (%) 8.61 +7.63
TBR (%) 1.63 £ 1.72
TBR <54 mg/dl (%) 0.50 + 0.77

Mean glucose (mg/dl) 159.02 + 21.09

GMI (%) 7.12 % 0.62
SD (mg/dI) 56.04 + 1231
CV (%) 35.10 + 5.22
Nighttime TIR (%) 66.25 + 15.45
Nighttime TAR (%) 2361 + 11.01
Nighttime TAR >250 mg/dl (%) 835+ 8.16
Nighttime TBR (%) 1.14 + 201
Nighttime TBR <54 mg/dl (%) 056 + 1.28

Nighttime mean glucose (mg/dl) 161.41 + 23.61
Nighttime SD (mg/dl)

Nighttime CV (%) 32.82 + 6.60

52.77 £ 13.07

32839 £ 111.34

Non-users (N = 34) p-value
X+ SD
19 (55.9) 0.50
18.51 + 8.27 0.42
12.13 + 8.41 0.06
94.03 + 291 0.17
96.19 + 4.10 0.05
94.44 + 3.90 047
72.62 + 23.55 027
8:13 + 36:36 0.24
181.50 + 150.83 0.001
70.79 + 11.07 0.20
19.26 + 6.19 0.08
7.59 + 6.23 0.70
1.88 + 1.72 0.26
0.56 + 0.77 0.73
155.24 + 19.24 030
7.06 + 051 0.59
5521 + 10.78 0.89
3541 + 4.07 035
69.50 + 13.55 0.51
21.96 + 8.30 0.88
7.28 + 7.10 0.62
1.06 + 1.54 0.96
047 + 0.83 0.87
160.62 + 21.69 091
49.41 + 11.72 023
3057 + 4.89 0.09

CV, coefficient of variation; GMI, glucose management indicator; SD, standard deviation; TIR, time in range (70-180 mg/dl); TAR, time above range (>180 mg/dl); TAR >250 mg/dl, time
above range (>250 mg/dl); TBR, time below range (<70 mg/dl); TBR <54 mg/dl, time below range (<54 mg/dl) bold = statistically significant.

The Control-IQ system has been shown to be effective in
glycemic control and has been appreciated by patients since the
first studies on children and adults with type 1 diabetes (12,
13). Several multicenter randomized trials in children,
adolescents, and adults demonstrated the efficacy of Control-
IQ compared with sensor-augmented pumps, showing an
improvement in TIR without increasing hypoglycemia (14-
16). A recent study in children demonstrates an improvement
of TIR with Control-IQ in comparison with Basal-IQ, a
predictive low-glucose suspend (PLGS) algorithm (17). A
single multicenter study that compared AHCL systems
currently approved for the pediatric population showed the
non-inferiority of the efficacy of Tandem Control-IQ in
reaching glycemic targets compared with the other systems
(18). Recent studies on the real-world use of the Tandem
Control-IQ system confirmed the conclusions reached by the
pivotal trials and previous studies. The use of Control-IQ
technology increased time in range at 12 months in a sample
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of 7,813 patients (19) and at 6 months in a sample of 191 youth
patients with type 1 diabetes (20).

Most studies on the effectiveness of the Control-IQ System
included additional analysis focusing on the overnight period; all
of these studies have shown that the algorithm is more effective
on TIR during nighttime (12-16, 19). Forlenza et al. observed
significative improvement of TIR overnight (from 11 p.m. to
7 am.) in the Control-IQ group compared with the sensor-
augmented pump (SAP) group (Control-IQ: 74.9%-10.1% vs.
SAP: 49.6%-18.8%; p = 0.001), with an overall TIR of 71.0% in
Control-1Q users (12). In the first randomized multicenter trial
of closed loop control (CLC) in T1D, Brown et al. showed that
TIR was 70% in the closed loop group and 59% in the control
group during the daytime (6 a.m. to midnight) and was 76% and
59%, respectively, during the nighttime (midnight to 6 a.m.)
(13). Comparing CLC with SAP, Breton et al. observed a daytime
(6 a.m. to midnight) TIR of 63% in the closed loop group and
56% in the control group, and the corresponding values during
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TABLE 2 Comparison of the overall and nighttime (h 24-6-) glycemic control of Sleep Activity Mode users (group 1) and non-users (group 2);

analysis included patients using sensor and automatic mode >90% (N = 71).

Sleep Activity users (N = 41)

X+ SD
Gender, M (%) 17 (41.5)
Age (years) 16.76 + 6.01
Duration of disease (years) 8.34 + 6.01
Sensor use (%) 9549 +2.13
Nighttime sensor use (%) 98.39 + 2.46
Time in automatic mode (%) 96.22 + 2.04
Time in Sleep Activity Mode (%) 32.56 * 6.05
TIR (%) 68.00 + 12.81
TAR (%) 21.78 £ 7.10
TAR >250 mg/dl (%) 8.59 + 8.08
TBR (%) 1.39 + 1.38
TBR <54 mg/dl (%) 0.35 +0.53

Mean glucose (mg/dl) 159.78 + 21.86

GMI (%) 7.14 + 0.63
SD (mg/dl) 55.07 + 12.61
CV (%) 34.27 + 4.80
Nighttime TIR (%) 66.52 % 15.76
Nighttime TAR (%) 24.10 = 11.39
Nighttime TAR >250 mg/dl (%) 7.97 + 8.14
Nighttime TBR (%) 1.00 + 2.03
Nighttime TBR <54 mg/dl (%0) 0.35 £ 0.90

Nighttime mean glucose (mg/dl) 162.02 + 23.60
Nighttime SD (mg/dl)

Nighttime CV (%)

51.51 + 13.15
31.86 + 6.49

Non-users (N = 30) p-value
X + SD
17 (56.7) 0.24
18.60 + 8.35 031
11.71 + 8.50 0.16
94.67 + 2.06 0.06
97.13 + 2.58 0.05
95.47 + 247 0.20
71.97 + 9.58 0.20
18.80 + 5.94 0.05
6.84 + 4.82 071
193+ 1.78 0.10
0.57 + 0.80 0.92
153.03 + 1591 0.15
7.00 + 0.47 0.30
54.10 + 9.35 0.89
3523 + 4.00 0.13
70.77 + 12.46 0.43
21.25 + 8.26 0.56
6.35 + 6.08 0.56
113 + 1.62 0.60
0.50 + 0.86 0.43
158.63 + 19.99 0.62
48.26 + 10.65 0.30
30.28 + 4.80 0.27

CV, coefficient of variation; GMI, glucose management indicator; SD, standard deviation; TIR, time in range (70-180 mg/dl); TAR, time above range (>180 mg/dl); TAR >250 mg/dl, time
above range (>250 mg/dl); TBR, time below range (<70 mg/dl); TBR <54 mg/dl, time below range (<54 mg/dl) bold = statistically significant.

the nighttime (midnight to 6:00 a.m.) were 80% and 54% (14).
Kanapka et al. also observed a better improvement in TIR
overnight (midnight to 6 a.m.), while Isganaitis et al. showed
an improvement in TIR in the Control-IQ group compared with
the SAP group especially between 1 a.m. and 8 a.m. (+19% of
TIR at night and +11% during the day, p < 0.0001) (15, 16).
Recently, Breton et al. showed a profound TIR increase at night,
reaching a median >90% between 4 and 7 a.m. in T1D Control-
IQ users in a 1-year real-world study (19).

Despite the evidence on the efficacy of the system overnight,
to date, there are no studies that evaluate the effectiveness of
using Sleep Mode or not among Tandem Control-IQ users.

We decided to download the data during the visits that took
place between February and May 2022. The choice to download
data only in a specific time window derives from the need to avoid
as much as possible substantial differences in the life habits of
patients related to the pandemic situation and to the seasonal
habits and to exclude Italian prolonged periods of holidays (e.g.,
Christmas or summer holidays); in particular, schools, sports, and
extracurricular activities were open in Italy during the study period.
Patients followed at the IRCCS G. Gaslini Pediatric Diabetes
Centre are both children and young adults (up to 35 years), and
this is the reason for the age range of the study population. Despite
the wide spectrum of the age of the patients included, stratifying

TABLE 3 Comparison by category of nighttime TIR between Sleep Activity Mode users (group 1) and non-users (group 2); analysis included

patients using sensor and automatic mode >80% (N = 83).

Sleep Activity users (N = 49)

N (%)
TIR 270% 23 (46.9)
TIR 50%-69% 16 (32.7)
TIR <50% 10 (20.4)
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Non-users (N = 34) p-value
N (%)
20 (58.8) 0.14
12 (35.3)
2 (5.9)
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TABLE 4 Comparison by category of nighttime TIR between Sleep Activity Mode users (group 1) and non-users (group 2); analysis included

patients using sensor and automatic mode >90% (N = 71).

Sleep Activity users (N = 41)

N (%)
TIR >70% 20 (48.8)
TIR 50%-69% 13 (31.7)
TIR <50% 8 (19.5)

Non-users (N = 30) p-value
N (%)
18 (60.0) 0.09
11 (36.7)
1(3.3)

the analysis by age, no significant differences emerged in the
parameters analyzed compared with the entire population.

We defined nighttime as the period between midnight and
6 a.m., according to most of the studies that evaluated the
effectiveness of Tandem Control-IQ overnight (13-15); all the
scheduled Sleep Mode set by the group 1 patients included this
time range. The study had predefined inclusion criteria of time in
connectivity in closed loop control and CGM of at least 80% overall
and during nighttime; a lower percentage of use of the closed loop
technology would not allow to evaluate the algorithm and to
compare the night mode with the standard mode adequately (8).

Data showed that the use of Sleep Mode does not
significantly improve nighttime glycemic control and that the
group of non-users surprisingly has a similar overnight TIR
(69.50 £ 13.55 versus 66.25 + 15.45). Further restricting the
analysis to patients with an automatic insulin delivery time and
sensor use greater than 90%, we also observed that only the
group of non-users of Sleep Mode (TIR% 70.77 + 12.46) reached
the recommended TIR (11), and TAR% is surprisingly and
significantly reduced in this group (18.80 * 5.94 versus
21.78 = 7.10, p = 0.05). The overnight TBR% did not
significantly increase in group 2 (TBR 1.06 + 1.54 versus 1.14
+ 2.01). The mean duration of use of AHCL was longer in
patients belonging to group 1 (about 6 versus 11 months in
group 2); therefore, the experience of using AHCL can be
considered a factor in favor of group 1. These data
demonstrate the non-inferiority and safety of non-use of the
Control-IQ Sleep Mode (Tables 1, 2).

Furthermore, by stratifying the population by TIR groups,
we observed that in patients who do not use the Sleep Mode, the
percentage of patients who reached the recommended target of
TIR 270% is higher compared with users (58.8% versus 46.9%),
and the percentage of patients with a nighttime TIR lower than
50% is lower compared with those who use the Sleep Mode
(5.9% versus 20.4%). Restricting the analysis to patients using
automatic mode and sensor for more than 90% of the time,
patients with nocturnal TIR <50% were less in the non-user
group (3.3% versus 19.5%) (Tables 3, 4 and Figure 1). These
data, despite not reaching statistical significance, once again
underline the non-efficacy of the Sleep Mode in our sample of
young Italian patients.

The Sleep Mode has a narrower target range (112.5-120 mg/
dl) to ensure optimal glucose values during the night and has
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been shown to perform brilliantly in system efficacy studies and
in comparison with SAP. Nevertheless, if Sleep Mode is
activated, no corrective boluses are delivered; on the one hand,
this feature guarantees the safety of the algorithm during the
night; on the other hand, the increase in the basal rate alone may
sometimes not be sufficient to quickly bring glucose values back
to target values. The Sleep Mode may be more effective when
bedtime glucose value is in the target range, while in the case of
post-dinner hyperglycemia or the consumption of foods with
high-fat content, it may have more difficulty in bringing glucose
values back to the target. This particular feature assumes great
relevance in a country like Italy, where dinner is served late
(usually from 8 p.m. to 9 p.m.), often rich in carbohydrates, and
children often go to sleep shortly after dinner consumption.
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FIGURE 1

Comparison of the percentage of patients divided by categories
of nighttime TIR between Sleep Activity Mode users (group 1)
and non-users (group 2). The analysis included patients using
sensor and automatic mode >80% (A) or >90% (B).
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These Italian habits are very different from the American ones,
on the basis of which the Control-IQ standard algorithm and
activity modes were probably created. All of the system efficacy
studies on nocturnal glycemic control were also performed in the
USA (12-16, 19).

This is the first study to evaluate the real-life effectiveness of
the use of Sleep Mode compared with the Control-IQ standard
mode in young patients with T1D, and the results are certainly
interesting and challenging. The Control-IQ Sleep Mode may
not be effective in Italian patients due to the different habits
compared with American patients. The limitations of the study
included the low number of patients, the retrospective model of
the study, and the real-life nature of the study, which allow us to
evaluate the effectiveness of the system in the daily life of patients
but can give less uniformity in lifestyle habits. Further studies
with a greater number of patients in uniform settings such as
school camps or group activities that analyze the effectiveness of
Sleep Mode in relation to the consumption of certain foods are
certainly needed.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding authors.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

References

1. Diabetes Control and Complications Trial Research Group, Nathan DM,
Genuth S, Lachin J, Cleary P, Crofford O, et al. The effect of intensive treatment of
diabetes on the development and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl ] Med (1993) 329(14):977-86.
doi: 10.1056/NEJM199309303291401

2. Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard TJ,
et al. Diabetes control and complications Trial/Epidemiology of diabetes
interventions and complications (DCCT/EDIC) study research group. Intensive
diabetes treatment and cardiovascular disease in patients with type 1 diabetes. . N
Engl ] Med (2005) 353(25):2643-53. doi: 10.1056/NEJMo0a052187

3. Cherubini V, Bonfanti R, Casertano A, De Nitto E, Iannilli A, Lombardo F,
et al. Time in range in children with type 1 diabetes using treatment strategies based
on nonautomated insulin delivery systems in the real world. Diabetes Technol Ther
(2020) 22(7):509-15. doi: 10.1089/dia.2020.0031

4. Commissioner O of the. FDA Approves First Automated Insulin Delivery.
Device for Type 1 Diabetes. FDA (2020). Available at: https://www.fda.gov/news-

Frontiers in Endocrinology

07

10.3389/fendo.2022.996453

Author contributions

MB designed the study and wrote the manuscript. MS
researched the data and wrote the manuscript. VA researched the
data. MC did the statistical analysis. Gd’A reviewed the manuscript
and contributed to the discussion. MM reviewed the manuscript
and contributed to the discussion. NM designed the study and
contributed to the discussion. All authors contributed to the article
and approved the submitted version.

Acknowledgments

We are grateful to the Department of Neuroscience,
Rehabilitation, Ophthalmology, Genetics, Maternal and Child
Health (DINOGMI), University of Genova—a Department of
Excellence—for the support in the several steps leading to the
approval and publishing of the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

events/press-announcements/fda-approves-first-automated-insulindelivery-
device-type-1-diabetes. (Accessed 2021 Aug 17).

5. Bergenstal RM, Garg S, Weinzimer SA, Buckingham BA, Bode BW,
Tamborlane WYV, et al. Safety of a hybrid closed-loop insulin delivery system in
patients with type 1 diabetes. JAMA. (2016) 316(13):1407-8. doi: 10.1001/
jama.2016.11708

6. Dos Santos TJ, Rodrigues TC, Pufiales M, Arrais RF, Kopacek C. Newest
diabetes-related technologies for pediatric type 1 diabetes and its impact on routine
care: a narrative synthesis of the literature. Curr Pediatr Rep (2021) 20:1-12.
doi: 10.1007/s40124-021-00248-7

7. Boughton CK, Hovorka R. New closed-loop insulin systems. Diabetologia.
(2021) 64(5):1007-15. doi: 10.1007/s00125-021-05391-w

8. Leelarathna L, Choudhary P, Wilmot EG, Lumb A, Street T, Kar P, et al.
Hybrid closed-loop therapy: Where are we in 20212 Diabetes Obes Metab (2021) 23
(3):655-60. doi: 10.1111/dom.14273

frontiersin.org


https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1056/NEJMoa052187
https://doi.org/10.1089/dia.2020.0031
https://www.fda.gov/news-events/press-announcements/fda-approves-first-automated-insulindelivery-device-type-1-diabetes
https://www.fda.gov/news-events/press-announcements/fda-approves-first-automated-insulindelivery-device-type-1-diabetes
https://www.fda.gov/news-events/press-announcements/fda-approves-first-automated-insulindelivery-device-type-1-diabetes
https://doi.org/10.1001/jama.2016.11708
https://doi.org/10.1001/jama.2016.11708
https://doi.org/10.1007/s40124-021-00248-7
https://doi.org/10.1007/s00125-021-05391-w
https://doi.org/10.1111/dom.14273
https://doi.org/10.3389/fendo.2022.996453
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Bassi et al.

9. Brown S, Raghinaru D, Emory E, Kovatchev B. First look at control-1Q: A
new-generation automated insulin delivery system. Diabetes Care (2018) 41
(12):2634-6. doi: 10.2337/dc18-1249

10. Vigersky RA, McMahon C. The relationship of hemoglobin A1C to time-in-
Range in patients with diabetes. Diabetes Technol Ther (2019) 21(2):81-5.
doi: 10.1089/dia.2018.0310

11. Battelino T, Danne T, Bergenstal RM, Amiel SA, Beck R, Biester T, et al.
Clinical targets for continuous glucose monitoring data interpretation:
Recommendations from the international consensus on time in range. Diabetes
Care (2019) 42(8):1593-603. doi: 10.2337/dci19-0028

12. Forlenza GP, Ekhlaspour L, Breton M, Maahs DM, Wadwa RP, DeBoer M,
et al. Successful At-home use of the tandem control-IQ artificial pancreas system in
young children during a randomized controlled trial. Diabetes Technol Ther (2019)
21(4):159-69. doi: 10.1089/dia.2019.0011

13. Brown SA, Kovatchev BP, Raghinaru D, Lum JW, Buckingham BA, Kudva
YC, et al. iDCL trial research group. Six-month randomized, multicenter trial of
closed-loop control in type 1 diabetes. N Engl ] Med (2019) 381(18):1707-17.
doi: 10.1056/NEJMo0al1907863

14. Breton MD, Kanapka LG, Beck RW, Ekhlaspour L, Forlenza GP, Cengiz E,
et al. iDCL trial research group. A randomized trial of closed-loop control in
children with type 1 diabetes. N Engl ] Med (2020) 383(9):836-45. doi: 10.1056/
NEJMo0a2004736

15. Kanapka LG, Wadwa RP, Breton MD, Ruedy KJ, Ekhlaspour L, Forlenza G,
et al. iDCL trial research group. Extended use of the control-IQ closed-loop control
system in children with type 1 diabetes. Diabetes Care (2021) 44(2):473-8.
doi: 10.2337/dc20-1729

16. Isganaitis E, Raghinaru D, Ambler-Osborn L, Pinsker JE, Buckingham BA,
Wadwa R, et al. iDCL trial research group. closed-loop insulin therapy improves
glycemic control in adolescents and young adults: Outcomes from the international
diabetes closed-loop trial. Diabetes Technol Ther (2021) 23(5):342-9. doi: 10.1089/
dia.2020.0572

Frontiers in Endocrinology

08

10.3389/fendo.2022.996453

17. Cherubini V, Rabbone I, Berioli MG, Giorda S, Lo Presti D, Maltoni G, et al.
Effectiveness of a closed-loop control system and a virtual educational camp for
children and adolescents with type 1 diabetes: A prospective, multicentre, real-life
study. Diabetes Obes Metab (2021) 23(11):2484-91. doi: 10.1111/dom.14491

18. Bassi M, Teliti M, Lezzi M, Iosca A, Strati Marina F, Carmisciano L, et al. A
comparison of two hybrid closed-loop systems in Italian children and adults with
type 1 diabetes. Front Endocrinol (Lausanne). (2022) 12:802419. doi: 10.3389/
fendo.2021.802419

19. Breton MD, Kovatchev BP. One year real-world use of the control-IQ
advanced hybrid closed-loop technology. Diabetes Technol Ther (2021) 23(9):601—
8. doi: 10.1089/dia.2021.0097

20. Messer LH, Berget C, Pyle L, Vigers T, Cobry E, Driscoll KA, et al. Real-
world use of a new hybrid closed loop improves glycemic control in youth with type
1 diabetes. Diabetes Technol Ther (2021) 23(12). doi: 10.1089/dia.2021.0165

21. Cobry EC, Kanapka LG, Cengiz E, Carria L, Ekhlaspour L, Buckingham BA,
et al. iDCL trial research group. health-related quality of life and treatment
satisfaction in parents and children with type 1 diabetes using closed-loop
control. Diabetes Technol Ther (2021) 23(6):401-9. doi: 10.1089/dia.2020.0532

22. Pinsker JE, Miiller L, Constantin A, Leas S, Manning M, McElwee Malloy M,
et al. Real-world patient-reported outcomes and glycemic results with initiation of
control-IQ technology. Diabetes Technol Ther (2021) 23(2):120-7. doi: 10.1089/
dia.2020.0388

23. Cobry EC, Bisio A, Wadwa RP, Breton MD. Improvements in parental
sleep, fear of hypoglycemia, and diabetes distress with use of an advanced
hybrid closed loop system. Diabetes Care (2022) 45(5):1292-95. doi: 10.2337/
dc21-1778

24. Rabbone I, Savastio S, Pigniatiello C, Carducci C, Berioli MG, Cherubini V,
et al. vEC study group. significant and persistent improvements in time in range
and positive emotions in children and adolescents with type 1 diabetes using a
closed-loop control system after attending a virtual educational camp. Acta
Diabetol (2022) 21:1-6. doi: 10.1007/s00592-022-01878-z

frontiersin.org


https://doi.org/10.2337/dc18-1249
https://doi.org/10.1089/dia.2018.0310
https://doi.org/10.2337/dci19-0028
https://doi.org/10.1089/dia.2019.0011
https://doi.org/10.1056/NEJMoa1907863
https://doi.org/10.1056/NEJMoa2004736
https://doi.org/10.1056/NEJMoa2004736
https://doi.org/10.2337/dc20-1729
https://doi.org/10.1089/dia.2020.0572
https://doi.org/10.1089/dia.2020.0572
https://doi.org/10.1111/dom.14491
https://doi.org/10.3389/fendo.2021.802419
https://doi.org/10.3389/fendo.2021.802419
https://doi.org/10.1089/dia.2021.0097
https://doi.org/10.1089/dia.2021.0165
https://doi.org/10.1089/dia.2020.0532
https://doi.org/10.1089/dia.2020.0388
https://doi.org/10.1089/dia.2020.0388
https://doi.org/10.2337/dc21-1778
https://doi.org/10.2337/dc21-1778
https://doi.org/10.1007/s00592-022-01878-z
https://doi.org/10.3389/fendo.2022.996453
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	To sleep or not to sleep: An Italian Control-IQ-uestion
	Introduction
	Materials and methods
	Study design and study population
	Data collection
	Study outcomes
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


