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Abstract

Aim: To evaluate the impact of a virtual educational camp (vEC) on glucose control in

children and adolescents with type 1 diabetes using a closed-loop control (CLC) system.

Materials and Methods: This was a prospective multicentre study of children and

adolescents with type 1 diabetes using the Tandem Basal-IQ system. Insulin pumps

were upgraded to Control-IQ, and children and their parents participated in a 3-day

multidisciplinary vEC. Clinical data, glucose metrics and HbA1c were evaluated over

the 12 weeks prior to the Control-IQ update and over the 12 weeks after the vEC.

Results: Forty-three children and adolescents (aged 7-16 years) with type 1 diabetes

and their families participated in the vEC. The median percentage of time in target

range (70-180 mg/dL; TIR) increased from 64% (interquartile range [IQR] 56%-73%)

with Basal-IQ to 76% (IQR 71%-81%) with Control-IQ (P < .001). After the vEC, more

than 75% of participants achieved a TIR of more than 70%. The percentage of time

between 180 and 250 mg/dL and above 250 mg/dL decreased by 5% (P < .01) and

6% (P < .01), respectively, while the time between 70 and 54 mg/dL and below

54 mg/dL remained low and unaltered. HbA1c decreased by 0.5% (P < .01). There

were no episodes of diabetic ketoacidosis or severe hypoglycaemia.

Conclusions: In this study of children managing their diabetes in a real-world setting,

more than 75% of children who participated in a vEC after starting a CLC system

could obtain and maintain a TIR of more than 70%. The vEC was feasible and resulted

in a significant and persistent improvement in TIR in children and adolescents with

type 1 diabetes.

K E YWORD S

continuous glucose monitoring, CSII, glycaemic control, insulin pump therapy, observational
study, type 1 diabetes

1 | INTRODUCTION

Children and adolescents with type 1 diabetes who use non-auto-

mated insulin delivery strategies tend not to achieve target glucose

levels in the real world.1 However, over the past decade, technological

advances in all aspects of insulin delivery have changed clinical

diabetology, not least the introduction of closed-loop control (CLC)

automated insulin delivery systems, whose algorithms help minimize

hypoglycaemia and manage hyperglycaemia by changing the basal

infusion rate and administering self-correcting boluses. In a recent

development, Tandem's Control-IQ technology uses night-time

intensification of basal insulin delivery to optimize glucose levels

during sleep. The first multicentre clinical trial of this system in

paediatric patients showed that glucose can be maintained in the

target range of 70 to 180 mg/dL for 67% ± 10% of the time,

representing an 11% improvement over controls treated with sensor-

enhanced pump therapy over a 16-week period.2

One of the most exciting but challenging aspects of caring for

children with diabetes is how to transfer knowledge from clinical trials

to clinical practice. CLC systems do not fully automate diabetes man-

agement but do tend to motivate patients who are committed to max-

imizing their glucose control.3 Nevertheless, CLC systems still require

motivational and educational input, and the need for adequate educa-

tion to maximize the benefits of new diabetes technology is well

established.4-6 A basic level of education is required for most new dia-

betes technologies, such as the need to count carbohydrates and

administer an adequate food bolus well in advance of dosing. Users of

hybrid systems benefit from additional training, because the technol-

ogy is complex and requires personalized settings including basal

rates, insulin correction factors and insulin-to-carbohydrate ratios.

There have been few studies on the use of hybrid systems in children

and adolescents out of clinical trial settings.7-9 Therefore, the purpose

of the current study was to analyse prospective data on CLC system

(Tandem with Control-IQ) use in children and adolescents with type
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1 diabetes participating in a virtual educational camp (vEC) with their

parents and managing their diabetes in a real-world setting.

2 | METHODS

2.1 | Study design and participants

Nineteen Italian paediatric diabetes centres participated in this prospec-

tive, multicentre clinical study. Inclusion criteria were: (a) children who

had already used the Basal-IQ system for at least 3 months, (b) were

aged older than 6 and younger than 18 years, (c) were educated to use

the carbohydrate-counting system, (d) were available to update their

insulin pump to Control-IQ technology (Tandem t:slim X2 with Control-

IQ algorithm; San Diego, CA, USA), (e) availability of children and par-

ents to participate in the study and share their data on the Diasend

platform (data-syncing software), (f) ability to provide informed con-

sent, (g) able to participate in a 3-day vEC, and (h) any baseline HbA1c

value was permitted. The exclusion criteria were: (a) inability to share

data or participate in the vEC, (b) aged younger than 6 or older than

18 years, and (c) used less than 10 units of insulin per day. Each paedi-

atric centre was asked to recruit two or three children who met the

inclusion criteria. Patients were consecutively recruited during a routine

visit if they met the inclusion criteria. Written informed consent was

obtained from parents of children aged younger than 14 years and from

parents and children if aged older than 14 years.

Routine demographic and clinical data were merged into a unique

database. A dedicated connection to the Diasend software was

established to simultaneously share all study data, and the connection

of each child to the system was verified. To connect participants with

the diabetes teams, a WhatsApp discussion group was started the day

before the vEC and maintained throughout the study period to remind

participants to upload data weekly, and to provide technical informa-

tion on the technology when needed. One of the study authors (VC)

downloaded the continuous glucose monitoring (CGM) glucose data

for the 12 weeks prior to updating to the CLC system. To evaluate

the effect of the CLC system on daily living, CGM data metrics for the

12 weeks after the end of the vEC were also analysed. HbA1c was

measured with a Vantage DCA Analyzer (Siemens Healthcare Diag-

nostics, Elkhart, IN, USA) calibrated every 12 weeks at each paediatric

centre before and after updating to the CLC system.

The study was approved by the coordinating centre's Ethical

Committee (ASST Cremona) and conducted according to the Declara-

tion of Helsinki.

2.2 | Education and training on Control-IQ
technology

Before updating to the Control-IQ algorithm, each participant and their

family attended at least two 1-hour sessions delivered by the centre

team to educate and test them on their ability to use the new technol-

ogy, including using the carbohydrate-counting system. After these stan-

dard training sessions, all participants were updated to the Control-IQ

technology using the Tandem Device Updater (TDU) software, which

allows users to easily update their Tandem insulin pump software using

a personal computer. The TDU allows users to add new features in the

future as they are approved. All patients were followed by the local dia-

betes team remotely via the Diasend connection. Patients were asked to

upload pump data weekly to the Diasend platform and were offered

telephone consultations (as needed) to adjust pump settings.

2.3 | Virtual educational camp

With the aim of strengthening educational support for children and

their families on the use of CLC, a 3-day vEC was organized from 6 to

8 November 2020 (for details, see Appendix S1), 13-30 days after

users had upgraded to Control-IQ. Participants, their parents and dia-

betes teams from each centre participated via Zoom meetings.

2.4 | Outcomes

The primary outcome was the percentage of time spent in the target

range of 70 to 180 mg/dL (TIR). Secondary outcomes included the

percentage of time in which glucose values were less than 54, 54-69,

181-250 or more than 250 mg/dL; the coefficient of variation (% CV);

HbA1c, measured before upgrading to Control IQ technology and

12 weeks after the vEC; mean glucose levels during the observation

period; median glucose values by time of the day; and severe adverse

events (episodes of severe hypoglycaemia and diabetic ketoacidosis).

2.5 | Statistical analysis

The data were non-normally distributed according to the Shapiro–

Wilk test, so a non-parametric approach was adopted. Qualitative var-

iables were summarized using absolute and percentage frequencies;

for quantitative variables, medians and interquartile ranges (IQRs)

were used as measures of centrality and variability, respectively.

CGM outcomes were measured over the 12 weeks prior to

updating to the Control-IQ system (Basal-IQ) and 12 weeks after the

vEC; the median value of the difference between the two periods

for each CGM outcome and the related 95% confidence interval

(95% CI) were estimated; and the Wilcoxon signed-rank test was

used to test the hypothesis of no difference. The numbers of sub-

jects meeting CGM targets over the 12 weeks prior to updating to

the Control-IQ system and the 12 weeks after the vEC were

analysed, and changes between the two periods were evaluated

using McNemar's test for the following outcomes: (a) TIR more than

70%, (b) TIR less than 70% and percentage of time below 70 mg/dL

less than 4%, and (c) TIR more than 70% and percentage of time

below 54 mg/dL less than 1%.

Participants were grouped according to the median TIR observed

during Basal-IQ (TIR ≤70% vs. TIR >70%), and differences in glucose

metrics between Control-IQ and Basal-IQ systems were compared

using the Wilcoxon rank-sum test.
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Multiple linear regression analysis was performed to evaluate fac-

tors associated with the TIR variation after updating to the Control-IQ

system, where the difference in TIR between Control-IQ and Basal-IQ

periods was used as the dependent variable, and TIR more than 70%

during Basal-IQ, Tanner stage higher than 1, diabetes duration, and

body mass index (BMI) z-score, were selected as independent variables.

TIR was analysed by subdividing the 12 weeks before and after

the vEC into six 4-week periods, and differences were evaluated with

the Friedman test. R software was used for all analyses.

3 | RESULTS

3.1 | Clinico-demographic characteristics

The 43 participants were aged 7-16 years, with a median age of

12 (IQR 9-13) years; 53.5% were female, and the duration of diabetes

ranged from 2 to 13 (median 6; IQR 4-9) years. The median BMI

z-score was �0.2 (IQR �0.6 to �0.2), and 19 (44.2%) participants

were prepubertal according to Tanner's classification.

Most participants (69%) lived in families with more than three

members, 83.8% lived in their own homes, and 67.7% had a medium-

high gross annual family income (>€25 000 per year). The median age

of parents was 47 and 42 years for fathers and mothers, respectively,

and more than 73% of parents had at least a high school diploma. All

participants completed the study.

3.2 | CGM outcomes and HbA1c

Table 1 shows CGM outcomes and the number of participants reaching

targets over the 12 weeks of using the Basal-IQ system and the

12 weeks after updating to the Control-IQ system and participating in

the vEC. TIR significantly increased by 11% (95% CI 9%-14%) after

updating to Control-IQ, and the percentage of time between 180 and

250 mg/dL and more than 250 mg/dL significantly decreased by 6%

and 5%, respectively. The narrow width of the CI of the primary out-

come showed a good level of precision of the estimate; in addition,

43 subjects ensured obtaining 99.9% power to detect an average dif-

ference of 11%, considering a variability of 6.4% and a significance level

of 5% using a two-tailed Wilcoxon signed-rank test.

Moreover, 75% of subjects using the Control-IQ system met the

target of both TIR (>70%) and CV (≤36%).10 Mean blood glucose and

glucose management indicator (GMI) significantly decreased. Further-

more, for all CGM metrics except the percentage time between

180 and 250 mg/dL, group variability decreased, as shown by the

IQRs. Improvements in glucose metrics were significantly higher in

participants who had a TIR of 70% or less during Basal-IQ treatment

(Table 2).

Multiple regression analysis showed that the improvement in TIR

with the Control-IQ system was 10% higher in patients with a TIR of

70% or less during treatment with Basal-IQ (Table 3). BMI z-scores,

but not Tanner's stage and diabetes duration, were associated with

the variation in TIR. The regression model showed a fair goodness of

TABLE 1 Overall continuous glucose monitoring (CGM) outcomes measured over 12 weeks before updating to the Control-IQ system and
12 weeks after the virtual educational camp (vEC)

Basal-IQa Control-IQa Difference (95% CI)b P value

% time <54 mg/dL 0 (0; 1) 0 (0; 1) 0 (�1; 1) .581

% time 54-70 mg/dL 1 (1; 3) 1 (1; 2) 0 (�1; 1) .296

% time 70-180 mg/dL 64 (56; 73) 76 (69; 82) 11 (9; 14) <.001

% time 180-250 mg/dL 24 (20; 28) 18 (14; 22) �6 (�7; �4) <.001

% time >250 mg/dL 9 (4; 13) 4 (2; 6) �5 (�6; �3) <.001

Mean BG 162 (150; 171) 147 (138; 156) �13 (�17; �9) <.001

% CV 36 (33; 39) 33 (31; 36) �3 (�4; �2) .001

GMI 7.2 (6.9; 7.4) 6.8 (6.6; 7) �0.4 (�0.5; �0.3) .001

HbA1c (%) 7.0 (6.5; 7.5) 6.6 (6.25; 6.9) �0.5 (�0.7; �0.3) <.001

mmol/mol 53.0 (47.5; 58.5) 48.6 (44.8; 51.9) �5 (�7; �3) <.001

Meeting target, n (%) Basal-IQ Control-IQ

Changes from

Basal-IQ to
Control-IQ

TIR 70-180 mg/dL >70% 13 (30) 30 (70) 17 <.001

TIR 70-180 mg/dL >70%

plus time <70 mg/dL <4%

9 (21) 24 (56) 16 <.001

TIR 70-180 mg/dL >70%

plus time <54 mg/dL <1%

8 (19) 21 (49) 15 .004

Note: CGM-outcome P values refer to Wilcoxon signed-rank test. Meeting target P values refer to McNemar test.

Abbreviations: BG, blood glucose; CV, coefficient of variation; GMI, glucose management indicator; TIR, time in target range.
aValues are presented as median (IQR).
bDifferences are Control-IQ versus Basal-IQ values and are presented as median (95% CI).
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fit to the data (R2 = 0.52) and the sample size gave the study a power

of 99.9% to detect an R2 of 0.52 attributed to four independent vari-

ables using an F-test with a significance level of 5%.

The distributions of TIR before and after updating to Control-IQ

and participation in the vEC, split into three 3-week timeframes, are

shown in Figure 1. The TIRs observed during the three timeframes

while using Control-IQ were significantly higher than while using

Basal-IQ (P < .001), with no significant differences observed between

the three timeframes.

HbA1c significantly improved after using Control-IQ technology

for 3 months (48.6 mmol/mol [6.6%] vs. 53.0 mmol/mol [7.0%],

P < .001; Table 2). With respect to median and percentile hourly glu-

cose values over 12 weeks with the Basal-IQ and Control-IQ systems,

night-time (midnight to 7:00 AM) glucose values while using Control-IQ

were consistently lower than when using Basal-IQ (Figure 2).

No episodes of severe hypoglycaemia or diabetic ketoacidosis

occurred during either Basal-IQ or Control-IQ treatment.

4 | DISCUSSION

In this study of children and adolescents with type 1 diabetes manag-

ing their diabetes in a real-world setting, participants spent 76% of

their time in the target range of 70-180 mg/dL, 11% higher than prior

to using a CLC system and participating in the vEC. Apart from the

vEC, which was designed to share educational best practice on

the CLC system, participants received no other structured interven-

tion and each patient was treated according to individual centre

TABLE 2 Glucose metrics
differences after updating the insulin
pump to the Control-IQ (CIQ) system
according to time in target range (TIR)
values during the Basal-IQ (BIQ) system

Differences in metrics with CIQ versus BIQ
BIQ TIR ≤70% BIQ TIR >70%

P value
n = 30 n = 13

Δ % time <54 mg/dL 0 (0; 0) 0 (�1; 0) .482

Δ % time 54-70 mg/dL 0 (�1; 0) 0 (�1; 0) .277

Δ % time 70-180 mg/dL 14 (10; 18) 6 (2; 8) .001

Δ % time 180-250 mg/dL �7 (�9; �5) �2 (�6; �1) .001

Δ % time >250 mg/dL �6 (�8; �4) �1 (�2; �1) .001

Δ mean BG �19 (�23; �10) �1 (�6; 1) .001

Δ % CV �3 (�5; �0.3) �2 (�5; �1) .852

Δ GMI �0.4 (�0.6; �0.3) 0 (�0.1; 0) .001

Δ HbA1c (%) �0.3 (�0.8; �0.1) �0.2 (�0.4; 0) .228

mmol/mol �3.3 (�8.7; �1.1) �2.2 (�4.4; 0) .208

Note: Values are presented as median (IQR). P values refer to Wilcoxon rank-sum test.

Abbreviations: BG, blood glucose; CV, coefficient of variation; GMI, glucose management indicator.

TABLE 3 Factors associated with time in target range (TIR)
variation after updating the insulin pump to the Control-IQ system

Variable
Regression
coefficient

95% CI P value

TIR >70% versus TIR

≤70% during Basal-IQ

system use

�10.26 �13.5; �7.01 <.001

Tanner stage >1 versus

Tanner stage =1

1.53 �1.55; 4.61 .337

Diabetes duration (y) �0.15 �0.61; 0.31 .530

BMI SDS 1.80 0.17; 3.43 .037

Abbreviation: BMI SDS, body mass index standard deviations

F IGURE 1 Percentage time in range (% TIR) 70-180 mg/dL
before and after the virtual educational camp (vEC). P value refers to
the Friedman test. Significant differences were found between the
first three subperiods (Basal-IQ) and the second three subperiods
(Control-IQ). No significant differences were detected within the two
subperiods
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indications, usually with follow-up visits every 3 months. The

improvement was even higher in participants with a TIR of 70% or

less during treatment with the Basal-IQ system. To our knowledge,

this is the highest reported percentage of time spent in the target

range in this age group of patients with diabetes. In addition, the

median HbA1c was 53 mmol/mol (7%) with Basal-IQ and significantly

improved by 5 mmol/mol (�0.5%) after starting Control-IQ.

Of note, 74.4% (32/43) of subjects reached a TIR of more than

70% using the Control-IQ algorithm, suggesting that this technology

allows children with type 1 diabetes to achieve their CGM-based tar-

gets.10 Overall, the time spent above 180 mg/dL decreased by more

than 140 minutes per day, with no change of time below 70 mg/dL,

which was maintained within the recommended target. Using this

CLC system, the TIR remained stable over the 12-week observation

period (Figure 1).

The study protocol did not consider a control group. However,

comparing our data with that from Breton and Kovatchev's11 retro-

spective analysis of Control-IQ technology users who uploaded data

to Tandem's t:connect web application, the vEC is likely to have been

beneficial. The TIR was similar in both the 6-13- and 14-18-year age

groups but lower than our observed TIR (76% vs. 64.7%11 and

65.4%,11 respectively). It is unfair to make a direct comparison with

these real-world data, as our group probably differed in several ways.

However, this difference is nevertheless interesting, and a randomized

controlled trial could establish the impact of the vEC on glucometrics

in patients switching from Basal-IQ to Control-IQ technology. Indeed,

other indices were also different: time above range (TAR; 180-

250 mg/dL, 22% vs. 18%) and TAR more than 250 mg/dL (10%

vs. 4%), while time below range (TBR) was similar (70-54 mg/dL, 1%

vs. 1%; TBR <54 mg/dL, 0.2% vs. 0%).

The patients included in our study were not recruited based on

their glycaemic control; during the 12 weeks of treatment with Basal-IQ

prior to system upgrade, there was wide interindividual variability in TIR

and only 30% of patients had a TIR of 70% or higher. After upgrading to

Control-IQ technology and participating in the vEC, the interindividual

variability significantly decreased, remaining low over the following

weeks.

A 3-day at-home trial of the Tandem Control-IQ system in 24 chil-

dren aged 6-12 years reported a significant improvement in time in the

target range (mean 71.2% ± 6.3%). This improvement was attributable to

a reduction in the time spent in hyperglycaemia, mainly during the night,

without increased exposure to hypoglycaemia. A 16-week randomized

clinical trial of 78 children with type 1 diabetes aged 6-13 years using

Control-IQ technology compared with 23 children using a sensor-

augmented pump (SAP) alone reported a TIR of 67% ± 10% and 51%

± 16%, respectively.2 The +11% TIR was achieved with a 2.6-hour

reduction in hyperglycaemia without changes in the time spent below

70 md/dL, which was 1.8% with Control-IQ and 1.6% with SAP. Exten-

ding this treatment to 28 weeks showed that the improvements can be

sustained over an even longer period.13

The Minimed 670G HCL system was tested in a real-world setting

in 92 children with type 1 diabetes (aged 15.7 ± 3.6 years) and dis-

played an improved TIR increasing from 50.7% ± 1.8% to 56.9%

± 2.1% after 24 weeks, with a slight decrease over the last 12 weeks.7

A randomized trial of two hybrid closed-loop systems, the 670G sys-

tem and the 670G system with an investigational advanced hybrid

closed-loop system, in adolescents and young adults with type 1 dia-

betes, showed a significant improvement in TIR from 63% ± 8% to

67% ± 8%.14 A randomized, crossover study of the 670G system used

as predictive low glucose management and the Minimed 780G,

F IGURE 2 Median glucose as
measured by continuous glucose
monitoring (CGM) according to time of
day with Basal-IQ and Control-IQ.
Symbols denote the hourly median
values, and the shaded regions are
defined by the 25th and 75th
percentiles
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similarly reported an improvement in TIR from 57.9% ± 11.7% to

70.4% ± 8.1%.15 Similar to the clinical trial comparing children treated

with SAP and Control-IQ,2 we also found that the beneficial effect of

Control-IQ was more evident overnight than during the day.

The median TIR values observed in our prospective study were

higher than those reported in clinical trials using the same CLC system

both in children2,10,12 and adults14,16 with type 1 diabetes. Unlike

scheduled contacts between patients and the diabetes team typical of

randomized clinical trials, the children and adolescents who partici-

pated in our study were followed up at routine clinical visits every

3 months. The upgrade from Basal-IQ to Control-IQ technology was

made using a similar approach in all participating centres, adopting a

standardized systematic approach as previously reported.4,6 Indeed,

because there are notable differences between semi-automated sys-

tems like Minimed 640G and Control-IQ, we developed the vEC pro-

gramme to offer additional educational support by involving children,

parents and diabetes teams. In this way, our vEC allowed a peer-to-

peer experience and encouraged all participants to make the best use

of technology and to share best practice. Furthermore, the chat sys-

tem used for vEC management on WhatsApp was spontaneously con-

tinued by the parents, providing a possible motivational effect for the

group. This new way to provide educational support to children and

their parents imposed through the social and physical confinement

caused by the COVID-19 pandemic proved to be a useful tool, easy to

implement, and probably contributed to maintaining CGM targets

over time.

The lack of a control group can be considered a limitation of our

study, making it difficult to interpret the contribution of the vEC inter-

vention to the overall effect. However, encouragingly, the TIR was

consistently above the recommended target in 74.4% of the sample

and was maintained over the entire study period. Furthermore, the

TIR achieved after the system upgrade and the vEC was the highest

reported to date using a commercially available system, indicating that

the educational component positively contributed to the observed

improvements in glycaemic control. The current study was further

strengthened by its multicentre design and inclusion of children and

adolescents from 19 paediatric centres distributed across Italy. All the

study participants had used Basal-IQ technology in the 3-12 months prior

to updating to Control-IQ, and all continued to use the same system over

the 12 weeks of the study. To our knowledge, this is the first study to

report data from a vEC organized to help children with diabetes and their

parents use CLC systems for glucose management, with the social distanc-

ing imposed by COVID-19 preventing us from organizing the educational

event in person. Nevertheless, we believe that, given our positive findings,

this model can also be implemented when social distancing is no longer a

requirement.

In conclusion, a vEC organized to improve the knowledge and use

of an AHCL system (Tandem with Control-IQ technology) was feasible

and resulted in a significant and maintained improvement in TIR in

children and adolescents with type 1 diabetes. Furthermore, this

experience has enabled us to formulate guidelines for the clinical use

of Control-IQ technology by patients, their families and providers (see

Appendix S1). Further studies are now needed to validate this new

educational approach.
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