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Aim

Many adolescents with T1D experience a decline in metabolic control due to erratic eating habits and subpar adherence to treatment regimens. The objective of our retrospective observational study was to assess the effect of the Tandem Control IQ (CIQ) advanced hybrid closed-loop (AHCL) system on a cohort of adolescents with suboptimal glucose control.





Methods

We retrospectively evaluated 20 non-adherent patients with T1D, who were inconsistently using Multiple Daily Injections (MDIs) and flash glucose monitoring and were subsequently started and on CIQ. Glucometrics and the Glucose Risk Index were assessed at baseline and after 2 weeks, 1 month, and 6 months of CIQ use.





Results

The study included 20 adolescents with T1D (HbA1c: 10.0% ± 1.7). Time in range (TIR) increased from 27.1% ± 13.7 at baseline to 68.6% ± 14.2 at 2 weeks, 66.6% ± 10.7 at 1 month, and 60.4% ± 13.3 at 6 months of CIQ use. Time above range (TAR) >250 mg/dL decreased from 46.1% ± 23.8 to 9.9% ± 9.5 at 2 weeks, 10.8% ± 6.1 at 1 month, and 15.5% ± 10.5 at 6 months of AHCL use. Mean glucose levels improved from 251 mg/dL ± 68.9 to 175mg/dL ± 25.5 after 6 months of CIQ use. The Glucose Risk Index (GRI) also significantly reduced from 102 to 48 at 6 months of CIQ. HbA1c also improved from 10.0% ± 1.7 at baseline to 7.0% ± 0.7 after 6 months. Two patients experienced a single episode of mild diabetic ketoacidosis (DKA).





Conclusions

AHCL systems provide a significant, rapid, and safe improvement in glucose control. This marks a pivotal advancement in technology that primarily benefited those who were already compliant.
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Research in context




Evidence before this study

Advanced hybrid closed-loop (AHCL) systems are known to improve glycemic control in individuals with type 1 diabetes (T1D). However, the efficacy of these systems has not been extensively studied in the specific population of non-compliant adolescents who struggle with suboptimal glucose control and were previously using multiple daily injections.





Added value of this study

Our study examined the impact of the Tandem Control IQ (CIQ) AHCL system in a cohort of 20 non-compliant adolescents with T1D over 6 months. We found that there was a swift and substantial improvement in time in range (TIR), decrease in time above range (TAR), and a reduction in mean glucose levels with the use of the AHCL system. Interestingly, these positive changes were seen as early as 2 weeks into use of the CIQ system, demonstrating a rapid response to this form of treatment.





Implications of all the available evidence

The results of this study suggest that AHCL systems can be highly beneficial for non-compliant adolescents with T1D, significantly improving their glucose profiles and reducing the risk of future complications. Despite the limitations of the study such as a small sample size and absence of a control group, our findings indicate that AHCL systems could be considered a first-line approach for this challenging group of patients. It is a testament to the potential of AHCL technology as a game changer, offering an improved quality of life and a future with fewer complications for this particular population. Further research with larger cohorts and longer follow-up periods will be useful to confirm and expand upon these findings.






Introduction

Advanced hybrid closed-loop (AHCL) systems represent the next automation step, aiming to maximize normoglycemia by integrating continuous glucose monitoring with automated insulin delivery. Specifically, AHCL technology employs an algorithm that automatically modifies the basal insulin rate based on expected glucose levels, with automated bolus insulin correction for high glucose levels. Patients are only required to estimate carbohydrate consumption for meal boluses. These systems ensure that a significant percent of time is spent within the target glucose range, minimizing both hypo- and hyperglycemia events and significantly improving the quality of life for children with type 1 diabetes (T1D).

These systems represent the most recent available automatism in the treatment of T1D and, in a semi-automatic way, can independently regulate insulin delivery based on dynamic data from a glucose sensor; they are the Medtronic 780G system (Minimed Medtronic, Northridge, CA) and the Tandem Control IQ system (Tandem Inc., San Diego, CA).

Both Medtronic 780G and Tandem Control IQ, with their different algorithms, are equally effective in making possible a personalization of insulin therapy and an adaptation to the different needs of the subjects and their families (REF Schiaffini et al.).

While patients’ T1D management skills, such as carbohydrate counting, insulin dose calculations, and insulin-to-carbohydrate ratios, remain crucial components, the introduction of AHCL systems marks a shift towards optimal diabetes control and a significant reduction in patients’ self-management (1, 2).

Many adolescents with T1D may experience a deterioration in metabolic control due to erratic meal and exercise patterns, poor adherence to treatment regimens, hazardous and risk-taking behaviors, disordered eating behaviors, other mental health issues, and endocrine changes associated with puberty. These factors can lead to greater insulin resistance, resulting in suboptimal glycated hemoglobin (HbA1c) levels. As HbA1c levels during youth are highly predictive of long-term HbA1c trajectory, timely interventions are necessary to alter a life course predictive of premature development of diabetes complications (3).

Our retrospective observational study aims to evaluate the impact of the Tandem t:slim X2 Control IQ (CIQ) system (Tandem Diabetes Care, Inc.) in a cohort of diabetic adolescents with suboptimal glucose control.





Methods

This retrospective, real-world, observational study using medical records included 20 patients with T1D and high-risk glycemia, using multiple day injections (MDIs) and flash glucose monitoring. All children met the American Diabetes Association (ADA) criteria for T1D diagnosis (4) with a current HbA1c of ≥8.5%. Exclusion criteria were medication indicating diabetes complications, systemic glucocorticoids, or any concomitant diseases that could interfere with glucometric parameters; patients with genetic disorders were also excluded. Appropriate informed consent/assent was obtained.

We included patients that were started on CIQ between June and December 2022. Carbohydrate counting was not included, as patients had previously expressed non-compliance.

Glucometrics, including time in range (TIR), time above range (TAR), time below range (TBR), glucose management indicator (GMI)%, mean sensor glucose with standard deviation (SD), coefficient of variation (CV), and Glycemia Risk Index (GRI), were evaluated at baseline and after 2 weeks, 1 month, and 6 months of CIQ use. HbA1c was also documented at baseline and after 6 months of CIQ technology.

Serious adverse events, including severe hypoglycemia and diabetic ketoacidosis (DKA), were registered during follow-up.

CGM and insulin data were collected from Tidepool platform. Statistical analyses was performed using SPSS version 23.0 software for Windows (SPSS Inc., Chicago, IL, USA). Values were expressed as mean ± standard deviations (SDs). A p-value <0.05 was considered statistically significant. Comparisons between groups were analyzed with independent samples t-test and Mann–Whitney test.





Results

A total of 20 adolescents with T1D were included (mean age: 15.7 ± 1.9 years, 55% female). Table 1 shows the baseline clinical and auxological characteristics of the study population.


Table 1 | Clinical and auxological characteristics of study population at baseline.



During follow-up, TIR increased from 27.1% ± 13.7 at baseline to 68.6% ± 14.2 at 2 weeks (p<0.001), to 66.6% ± 10.7 at 1 month (p<0.001), and to 60.4% ± 13.3 at 6 months (p<0.001) of AHCL use. TAR >250 mg/dL decreased from 46.1% ± 23.8 to 9.9% ± 9.5 at 2 weeks (p<0.001), to 10.8% ± 6.1 at 1 month (p<0.001), and to 15.5% ± 10.5 at 6 months (p<0.001) using the CIQ system. No differences in TAR 180–250 mg/dL, TBR 54–70 mg/dL, or <54 mg/dL were found during follow-up (see Figure 1A). Mean glucose also improved from 251 mg/dL ± 68.9 to 162 mg/dL ± 25.0 after 2 weeks (p<0.001), to 164 mg/dL ± 17.5 after 1 month (p<0.001), and to 175 mg/dL ± 25.5 after 6 months (p<0.001) of follow-up. Accordingly, SD decreased from baseline (88.0 ± 28.8) to 2 weeks (60.6 ± 18.8) (p<0.005), 1 month (61.6 ± 13.1) (p=0.001), and 6 months (69.2 ± 15.8) (p=0.02) of follow-up. However, we did not find and statistically significant improvement in CV during follow-up. GMI% significantly reduced from baseline (9.5 ± 1.6%) (p<0.001) to 2 weeks (7.0 ± 0.5%) (p<0.001), 1 month (7.2 ± 1.6%) (p<0.001), and 6 months (7.5 ± 0.5%) (p<0.001) of CIQ use (see Figure 1B).




Figure 1 | (A) Glucometric profile of the study population at baseline, after 2 weeks, 1 month, and 6 months of AHCL use. (B) Glucose oucomes of study population at baseline (TO), after 2 weeks (T1), after 1 month (2), and after 6 months (T3) of CIQ use. TIR, time in range; TAR, time above range; TBR, time below range; SD, standard deviation; CV, coefficient of variation; GMI, glucose management indicator. (C) GRI (Glycemia Risk Index) at baseline (TO) and after 6 months of CIQ technology.



GRI, which closely corresponds to the clinician’s ranking of overall glycemia quality, reduced significantly from baseline to 6 months of CIQ technology (see Figure 1C). HbA1c also improve from 10 ± 1.7% at baseline to 7.0 ± 0.7% after 6 months of CIQ use (p<0.001).

No cases of severe hypoglycemia occurred during the study period. Two patients suffered from a single event of moderate DKA, likely due to infusion set occlusion. The events were resolved without complications.





Discussion

Our study shows that non-compliant adolescents with T1D, previously using MDI therapy, may achieve a swift and sustained improvement in glucose profiles using AHCL systems. In particular, mean TIR improved by almost 40% within just 2 weeks of use, primarily accounted for by a significant reduction in time spent above 250 mg/dL. GRI drastically reduced, representing improved exposure to glucose excursions with CIQ technology. HbA1c, which remains one of the main predictors for chronic complications in people with diabetes, also significantly improved after 6 months.

During the 6-month follow-up, we documented only a slight but not statistically significant worsening of glucose control, likely due to patients’ poor adherence to treatment regimens over time, particularly with missed meal boluses.

The findings of the present case series align with previous studies using other advanced automated insulin delivery systems (5–8). This consistency of findings underscores the robustness of the AHCL algorithm and supports the application of closed-loop systems across a broad range of individuals with T1D. For the first time, the ADAPT study evaluated the clinical benefits of algorithm AHCL system in adults with T1D and suboptimal glucose control. In particular, the authors demonstrated that AHCL confers significant benefits in terms of glycemic control beyond those that can be achieved with multiple daily injections and suggest that AHCL should be considered at the early stages in the T1D treatment pathway (REF). Similarly, Lombardo et al. demonstrated the successful use of the AHCL system in a real-world study. The authors described the 6-month impact of the advanced automated functions of MiniMed™ 780G on GRI in a large cohort of children and adolescents with T1D also documenting the effectiveness and safety of AHCL technology in the pediatric population (REF).

Therefore, AHCL technology significantly, quickly, and safely improves glucose control, even in adolescents with poor glucose control, representing a turning point for technology that used to favor mainly those who were already compliant.

Our results, although possibly biased by the relatively short follow-up, suggest that even non-compliant adolescents with T1D can significantly benefit from AHCL in terms of reducing the burden and risk of future complications (9).

Although the use of an AHCL in our cohort has led to a reduction in mean glucose and SD, the fact that the CV has not significantly changed may suggest that, relative to the mean glucose level, the spread or dispersion of glucose levels has not altered significantly.

This could potentially happen for several reasons. For instance, it is possible that while the mean glucose level and SD improved, they did so in a manner that maintained a relatively constant ratio, leading to a consistent CV. Another possibility is that the AHCL system has effectively reduced both extreme high and low glucose readings, causing improvements in mean glucose and SD, but still preserving some degree of glucose variability that is reflected in the CV. It is also worth noting that while we aim for lower variability in glucose management, some level of variability is natural and expected, especially in particular populations such as non-compliant adolescents, even with advanced management systems.

Safety is an essential component of AHCL technology in this population. No severe hypoglycemia was documented, which is consistent with other similar studies (4, 10); two episodes of moderate DKA occurred due to infusion set occlusion. Infusion set failure or occlusion is a well-documented complication of all insulin pump therapies, with higher rates seen in younger users (11). Therefore, frequent anticipatory education to avoid and manage infusion set issues remains crucial.

Limitations of our study include the small number of patients and the absence of a control group. The duration of the follow-up did not permit long-term conclusions; however, all enrolled adolescents will be followed for additional months to evaluate whether outcomes are confirmed.

For less complex T1D populations, closed-loop systems are already the gold standard therapeutic option (12). AHCL technology, combined with adequate training and clinical support, should now be considered a first-line approach for those with the most to gain, namely, non-compliant adolescents with T1D.

In conclusion, the pivotal role of AHCL technology in glucose control management is undeniable, demonstrating striking improvements even in non-compliant adolescents with T1D. Our study sheds new light on the immense potential of this technology, which could indeed be a game changer, a true turning point for those most in need of such assistance. Despite the challenging landscape of T1D management, particularly among non-compliant adolescents, our results point towards a path of improved quality of life and a future with fewer complications. This is not just a technological advancement, but a lifeline for these delicate subset of patients.





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 author.





Ethics statement

The studies involving human participants were reviewed and approved by Comitato Etico - San Raffaele. The patients/participants provided their written informed consent to participate in this study.





Author contributions

GF conceived the design of the work. VC collected data. GF, VC and AR drafted the article. All the authors contributed to the revision and approval of the final version.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





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.





References

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

2. Ferrito, L, Passanisi, S, Bonfanti, R, Cherubini, V, Minuto, N, Schiaffini, R, and Scaramuzza, A. Efficacy of advanced hybrid closed loop systems for the management of type 1 diabetes in children. Minerva Pediatr (Torino) (2021) 73:474–85. doi: 10.23736/S2724-5276.21.06531-9

3. Foster, NC, Beck, RW, Miller, KM, Clements, MA, Rickels, MR, DiMeglio, LA, et al. State of type 1 diabetes management and outcomes from the T1D exchange in 2016-2018. Diabetes Technol Ther (2019) 21(2):66–72. doi: 10.1089/dia.2018.0384

4. ElSayed, NA, Aleppo, G, Aroda, VR, Bannuru, RR, Brown, FM, Bruemmer, D, et al. Children and adolescents: standards of care in diabetes-2023. Diabetes Care (2023) 46(Suppl 1):S230–53. doi: 10.2337/dc23-S014

5. Brown, SA, Kovatchev, BP, Raghinaru, D, Lum, JW, Buckingham, BA, Kudva, YC, et al. Six-month randomized, multicenter trial of closed-loop control in type 1 diabetes. N Engl J Med (2019) 381(18):1707–17. doi: 10.1056/NEJMoa1907863

6. Tauschmann, M, Thabit, H, Bally, L, Allen, JM, Hartnell, S, Wilinska, ME, et al. Closed-loop insulin delivery in suboptimally controlled type 1 diabetes: a multicentre, 12-week randomised trial. Lancet (2018) 392(10155):1321–9. doi: 10.1016/S0140-6736(18)31947-0

7. Burnside, MJ, Lewis, DM, Crocket, HR, Meier, RA, Williman, JA, Sanders, OJ, et al. Open-source automated insulin delivery in type 1 diabetes. N Engl J Med (2022) 387(10):869–81. doi: 10.1056/NEJMoa2203913

8. Boucsein, A, Watson, AS, Frewen, CM, Sanders, OJ, Haszard, JJ, Jones, SD, et al. Impact of advanced hybrid closed loop on youth with high-risk type 1 diabetes using multiple daily injections. Diabetes Care (2023) 46(3):628–32. doi: 10.2337/dc22-1971

9. 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 J Med (1993) 329(14):977–86. doi: 10.1056/NEJM199309303291401

10. Bergenstal, RM, Nimri, R, Beck, RW, Criego, A, Laffel, L, Schatz, D, et al. A comparison of two hybrid closed-loop systems in adolescents and young adults with type 1 diabetes (FLAIR): a multicentre, randomised, crossover trial. Lancet (2021) 397(10270):208–19. doi: 10.1016/S0140-6736(20)32514-9

11. Ross, PL, Milburn, J, Reith, DM, Wiltshire, E, and Wheeler, BJ. Clinical review: insulin pump-associated adverse events in adults and children. Acta Diabetol (2015) 52(6):1017–24. doi: 10.1007/s00592-015-0784-2

12. Boughton, CK, and Hovorka, R. The artificial pancreas. Curr Opin Organ Transplant (2020) 25(4):336–42. doi: 10.1097/MOT.0000000000000786




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.

Copyright © 2024 Castorani, Rigamonti, Frontino, Morotti, Sandullo, Scialabba, Arrigoni, Dionisi, Foglino, Morosini, Olivieri and Bonfanti. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-15-1243565-g001.jpg
A

>250 mg/dl >250 mg/dl

46.1%
180-250 mg/dI

Target range:

9.9% >250 mg/d|

180-250 mg/dl

Target range:

70-180 mg/dI 70-180 mg/d|
180-250 mg/dI 68.6%
23.0%
Target range:
70-180 mg/dl
27.1%
<70 mg/dl 3.8% <70 mg/dl 2.3% <70 mg/dl
Baseline After 2 weeks After 1 month After 6 months
of AHCL use of AHCL use of AHCL use
B
Variables Baseline I:Vf:::;: 1::::‘;': :t:::hi P-value  P-value  P-value = P-value  P-value
TO TOvsT1 1vsT2) (TOvsT2) (TOvsT3) (T2vsT3
@ oy ay ry (TOWTD (TIT2) (T0WT) (TOWT3) (T2vsT3)
Sample size 20 20 20 20
Glucose (mg/dl) 2514689  162425.0 164+17.5 175+25.5 0.000 0.3 0.000 0.000 0.29
SD 88.0£28.8  60.6x18.8 61.6x13.1 69.2+15.8  0.003 0.6 0.001 0.02 0.14
CV% 35.8+11.4 ‘ 36.6+6.7 37.3%6.1 @ 39.0+5.8 0.9 0.8 0.8 0.37 0.25
GMI% 9.5¢1.6 7.0£0.5 72403 = 7.5%0.5 0.000 0.1 0.000 0.000 0.35
Cc
) Time 0 [ Zone A (0-20)
GRI at baseline (T0): 102 GRI=102 [J Zone B (21-40)
Hyperglycemia component: 57.6 TIR=27%
Hypoglycemia component: 3.3 [ Zone C (41-60)
[l Zone D (61-80)
GRIl at T1: 37 [ Zone E (81-100)
Hyperglycemia component: 19.5
Hypoglycemia component: 1.94
O GRI at T2: 38

Hyperglycemia component: 21.2
Hypoglycemia component: 1.52

. GRI at T3: 48
Hyperglycemia component: 26.3
Hypoglycemia component: 1.98

Time 3
GRI =48
TIR = 60%

Hyperglycemia Component (%)

0 5 10

15 20 25 30

Hypoglycemia Component (%)





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Turning the tides: achieving rapid and safe glucose control in adolescents with suboptimally controlled type 1 diabetes using advanced hybrid closed loop systems

      

        		

          Aim

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Research in context

        

          		

            Evidence before this study

          



          		

            Added value of this study

          



          		

            Implications of all the available evidence

          



        



        



        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2024.1243565_cover.jpg
& frontiers | Frontiers in Endocrinology

Turning the tides: achieving rapid and safe
glucose control in adolescents with
suboptimally controlled type 1 diabetes
using advanced hybrid closed loop systems





OEBPS/Images/table1.jpg
Variables Mean + SD

Sample size 20
Gender (Male/Female) 9(45%)/11(55%)
Age (years) 157 £ 19
Weight (kg) at baseline 577+ 12.7
Height (cm) at baseline 161.5 £ 10.0
BMI (kg/m2) at baseline 219 £33
HbAlc (%) 100+ 1.7
Disease duration at baseline (years) 6.2+ 4.0






