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Abstract

The ISPAD guidelines represent a rich repository that serves as the only comprehensive set of clinical
recommendations for children, adolescents, and young adults living with diabetes worldwide. This chapter builds
on the 2022 ISPAD guidelines, and updates recommendations on the glycemic targets for children and
adolescents living with diabetes. A new target of HbAlc of <6.5% (48mmol/mol) for those who have access to
advanced diabetes technologies like continuous glucose monitoring (CGM) and automated insulin delivery (AID).
This target should be encouraged for all children and adolescents living with diabetes when safely achievable. In
other settings, the HbA1lc target is <7.0% (53mmol/mol).

Summary of what is New or Different

1. This chapter recommends a target HbAlc of <6.5% (48mmol/mol) for those who have access to advanced
diabetes technologies like continuous glucose monitoring (CGM) and automated insulin delivery (AID). This
target should be encouraged for all children and adolescents living with diabetes when safely achievable. In
other settings, the HbA1lc target is <7.0% (53mmol/mol). The emphasis on the lower HbAlc target is
deliberate, based on the growing evidence that achieving HbAlc levels below previous targets can
significantly reduce the risk of developing diabetes complications and that when adequate technology and
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healthcare professional support are available, these lower glycemic targets can be safely achieved without
increasing the risk of hypoglycemia or adding to the care burdens.

2. These glycemic goals may be individualized based on an assessment of the potential challenges for the person
with diabetes and their caregivers.

3. The relationship between glycemic targets and rates of excess body weight are discussed.

4. The glycemic target chapter is also more succinct compared to previous iterations. This chapter is meant to
provide updated guidance on overall glycaemic management alongside other ISPAD consensus guidelines that
provide further context and information, including specific populations (e.g. pre-schooler children, limited
care settings), or situations (e.g. exercise).

1. The Purpose of setting Glycemic Targets
Setting glycemic targets for young persons living with diabetes is vital, as optimizing glycemia can greatly
minimize both immediate and long-term complications [1-6]. This is especially important for children and
adolescents with diabetes, as they face many years of managing the condition and lifetime consequences of
dysglycemia [7]. Achieving healthier glycemic outcomes has significant benefits for healthcare systems and
economic costs, underscoring the importance of targeting glycemic ranges to avert future complications [8]. Yet,
it is also important to recognize the day-to-day challenges glycemic targets can impose on persons living with
diabetes, their caregivers, and even their health care team. These targets should be seen as part of a balanced
approach to long-term management; at times flexibility will be necessary.
Recent data from diabetes registries show that while a minority of young people are meeting current glycemic
targets, median HbAlc levels have gradually decreased over the past decades[9-13]. This progress can be
attributed to several factors, including better, consistent communication of glycemic goals by healthcare teams,
advancements in treatments like insulin analogs and CGM, a well-trained medical workforce, and the
development and implementation of automated insulin delivery systems (AID). Additionally, clinical
benchmarking activities that use published glycaemic targets in their reporting, have been shown to be associated
with improvement in whole population glycemic metrics[14-17]. However, challenges such as social determinants
of health, limited resources for pediatric diabetes care, and restricted access to advanced treatments continue to
impede broader achievement of target glycemia and contribute to health inequities [18-20].
For over 20 years, organizations like ISPAD, the American Diabetes Association (ADA), and the National Institute
for Health and Care Excellence (NICE) in the UK have established and regularly updated glycemic targets based on
evolving evidence. While lower glycemic targets are associated with improved glycemia [21], the path to
achieving these targets can be challenging. In 2022, ISPAD set the HbAlc target at 7.0% (53 mmol/mol), with a
provision for lower targets where feasible, particularly when there is access to gold standard treatments like AID
[22]. Other societies have adopted lower targets. For instance, Sweden [23], and NICE[11] have lowered their
targets to 6.5% (48 mmol/mol). Additionally, in 2022 ISPAD communicated that an HbA1lc of 6.5% could be safely
achieved for pre-school children [24]. The ADA recommends an HbAlc of <6.5% as a reasonable goal if “it can be
achieved without significant risk of hypoglycemia, or negatively impacts on well-being or undue burden of care”,
but also allows flexibility, stating “individualized goals”. with <7.0% as the “appropriate” target [25].
Healthcare professionals and persons with diabetes have various tools for monitoring glycemia, including self-
monitored blood glucose (SMBG) using a glucose meter, CGM and HbA1lc. While HbAlc has traditionally been the
standard measure, it also has limitations that CGM can address. Despite this, CGM is not yet accessible to all
young people, meaning that SMBG and HbAlc measurements remain critical in many settings, including for
benchmarking. Combining data from these sources also can offer the most comprehensive view of glycemia, and
in turn, the best opportunity to tailor care to both the immediate and long-term needs of everyone.

2. Measures of Glycemia and Targets

For educational purposes, three methods of measuring glycemia and their targets are provided in Figure 1. This
has been updated from 2022 to specifically emphasize the lower HbA1lc target of 6.5% (48mmol/mol) for those
with access to advanced technologies or those who can safely reach that target without additional undue care
demands.

a. Glycated Hemoglobin
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ISPAD recommends an HbAlc target of <6.5% (48mmol/mol) for those who
can safely reach that target with the support of advanced technologies (CGM
and AID) and/or where the pursuit of the lower target does not add burden
such that quality of life is impacted [C]

ISPAD recommend an HbAlc target of <7% (53mmol/mol) in all other
scenarios [A]

Landmark trials have shown that the relationship between the developments of long-term complications and
glycemia is continuous and non-linear [2, 26]. These robust data justify an HbA1lc target of <7% (53mmol/mol)
(Category A evidence). However, evidence for a lower target of <6.5% (48mmol/mol) is still emerging as described
below (Category C evidence). Overall, further research is needed to evaluate the outcomes of children achieving
HbA1c levels of £6.5%. This should include more comprehensive studies and detailed mathematical modelling of
existing data sets. Such analysis would help quantify the incremental improvements in complication rates and
assess any potential increased risks when comparing the HbA1lc thresholds of <7% (53 mmol/mol) and <6.5% (48
mmol/mol). Yet, at this time communicating a single threshold is a pragmatic approach to convey clear messaging
that can be implemented in clinical practice. This threshold also facilitates the ability to benchmark outcomes
adding to the body of evidence demonstrating safety and validity of lower target setting to improvements in
glycemia [14-17]. Goal setting is important to reduce therapeutic inertia, and therefore regular measuring of
HbAlc (and other metrics) is an important foundation of clinical care — with an accepted convention of 3 monthly
assessment, given that HbA1c reflects ~90 days of glycemia. HCP and care teams should consistently and clearly
communicate the importance of glycemic targets to optimize long-term health outcomes for youth with diabetes

[21].

Refer to the ISPAD CPCG 2024: Diabetes Technologies: Insulin Delivery [27] for the evidence regarding efficacy
and safety of advanced technologies, including cost effectiveness [28, 29].
Current glycemic target recommendations are also based on the following observations:

1.

Diabetic Retinopathy: Independent risk factors for developing diabetic retinopathy include not only
glycaemic management, but also age of onset and duration of diabetes [30, 31], which emphasizes the
need to pursue optimal glycemic targets in young people with diabetes from diagnosis. Precursors to
retinopathy are now measurable with optical coherence tomography angiography, and microvascular
changes are seen in youth with suboptimal glycemic levels[32]. Critically, the lowest rates of diabetic
retinopathy at the time of transition to adult services are seen where HbA1c is <6.5% (48mmol/mol)[33].
Diabetic Kidney Disease: Multiple studies confirm that lower HbAlc protect against the development of
diabetic kidney disease [1-6]. In contrast to the development of diabetic retinopathy, Swedish registry
data did not find a similar clear relationship for the development of increased albuminuria at the 6.5%
(48mmo/mol) HbA1lc threshold[33]. There is evidence that some individuals from racial groups have a
predisposition to developing complications early independently of glycemia and socioeconomic status
[34, 35]. Indeed, observations from the general population showed that Native Americans at risk of
developing type 2 diabetes and HbAlc in a prediabetes range (5.7 — 6.4% (39-47mmol/mol)) had higher
incidence of albuminuria, and retinopathy than children with optimal HA1c levels[36]. However, there is
limited evidence supporting reductions in diabetic kidney disease onset and progression at HbA1lc levels
below 7% in type 1 diabetes.

Diabetic neuropathy: While systematic reviews confirm the relationship between HbAlc and the
development of diabetes neuropathy[36], there is, again, a paucity of data to derive a specific threshold
that confers significant additional risk. An HbA1c >7% (53mmol/mol) was associated with a higher risk of
developing diabetic neuropathy in adolescents with type 1 diabetes for >5 years, but the risk associated
with a lower threshold of 6.5% (48mmol/mol) was not assessed([37]. Further data, or modelling, are
needed to confirm the additional benefit of using a target of 6.5% (48mmol/mol) for protecting against
the development of diabetic neuropathy and other vascular complications.

Cognition: Optimal glycemia is associated with improved cognitive function, including memory, learning
and attention [13, 38-41]. Yet, in settings where hypoglycemia-protective technologies such as CGM and
AID are not available or adopted, there may be unacceptable risks of severe hypoglycemia and associated
negative impact on cognitive function. Overall, with respect to cognition, a lower target of 6.5% should be
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carefully guided on individual basis, particularly in situations with limited access to glucose monitoring
and technologies that suspend insulin when glucose is low or projected to be low.
Burden: Recognizing and addressing the psychosocial and behavioral needs of youth with diabetes and
their families is a key element of their care. The relationship between the demands of care and HbAlc is
complex, for example while some reports describe the challenges of diabetes technology, improved
quality of life and glycemia have been consistently demonstrated [27]. Burden of care can be considered
in the following domains; psychological, behavioural, social, quality of life, and economic. Avoidance of
complications with lower HbA1lc will lower the health cost of diabetes and can be safely achieved with
advanced diabetes technologies, with proven health economic benefits. Adoption of these technologies
are associated with potential barriers, which includes perceived and actual workload, physical
discomforts, frustrations with technical glitches and alarms, as well as concerns about device size/visibility
and stigma [42-44]. Potential benefits of diabetes technologies must also be recognized, with
improvements in individual and parental health of life [45], as well as autonomy, greater flexibility in
social activities and eating, improved sleep, and higher treatment satisfaction being reported [27].
Body Mass Index (BMI): Due to overweight and obesity being established independent risk factors for
developing cardiovascular disorders, any relationship between glycaemic targets and BMI is an important
consideration. This is especially relevant given that while international registries are demonstrating an
overall improvement in HbAlc, there are also increasing prevalence of higher BMI-standard deviation
scores (SDS) [46, 47]. Earlier landmark studies have shown increased excess weight gain and obesity with
intensive treatment [26]. However, there are apparent external influences on BMI independent of HbAlc,
as is apparent with the U-shaped curve with the highest HbAlc observed in groups with unhealthy weight
[48]. Some studies have reported inverse associations between HbAlc and BMI-SDS[49-51]. However,
other studies have found high BMI-SDS significantly related to higher HbAlc levels [47, 52], or reported
children with type 1 diabetes can achieve glycemic targets on intensive insulin therapy without excessive
weight gain [53, 54]. Use of advanced technologies such as AID is associated with improved glycemia
without change in BMI [55, 56]. The emergence of increased overweight and obesity in the pediatric
population living with diabetes underpins the importance of dietetic education, to ensure the benefits of
improved glycemia are not offset by increasing BMI. These data highlight the need for additional research
and innovative care approaches to address rising rates of overweight and obesity and risk for premature
cardiovascular disease in this vulnerable population.

b. Continuous Glucose Monitoring
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e Children and adolescents with diabetes should strive for the following % times
spent in the following glycemic ranges [B]:

>70% between 3.9 — 10mmol/L (70 — 180mg/dL),
<4% <3.9mmol/L (70mg/dL),

<1% <3.0mmol/L (54mg/dL),

<25% >10mmol/L (180mg/dL),

<5% >13.9mmol/L (250mg/dL)

These times in range are chosen to align with previously-published recommendations
(45)

e |t is recognized that time spent in range (TIR) may need to be >80% to achieve
an optimal HbA1c target of <6.5% (48mmol/mol) [E].

e |tis also recognized that an emerging metric requiring additional validation of
>50% Tight Time in range (TTIR) (3.9-8 mmol/L or 70-144 mg/dL) may allow for
greater sensitivity for assessing changes in mean glucose and glucose variability
(cv) [C]

e CGM-derived Glucose Management Index metrics can be considered as a
standalone method for evaluating glycemic outcomes [C].

Average sensor glucose, due to its strong correlation with HbAlc and its association with the risk of microvascular
complications[57] and glycemic variability (which can predict hypoglycemia), is a key metric included of
standardized CGM reports, known as ambulatory glucose profiles (AGPs). When available, CGM targets can be
considered as an alternative or adjunct to HbA1lc targets. As CGM technology is still relatively new, further
research linking CGM data to the development of diabetes complications is needed to refine these glycemic
targets with greater certainty.

Given the strong correlation between CGM metrics and HbA1lc [58], it is reasonable in a clinical setting to use
CGM along with the Glucose Management Index metric as a standalone method for setting glycemic targets. This
could be especially relevant in situations where CGM data is easier to obtain than an HbA1lc (telehealth, limited
access to HbAlc measurement).

Time spent in tight glucose range (TITR) (3.9—8 mmol/L or 70-144 mg/dL) has recently been suggested as a new
metric to characterize optimal glycemia [59, 60]. ISPAD has previously endorsed TITR as a metric in pre-school
schoolers with T1D, especially during the remission period [61]. TITR may be preferable to TIR when targeting
lower HbAlcs since it may be more sensitive to glycemic changes at lower average sensor glucose levels and it
may also better characterize glucose variability [62].

Generally, TITR targets have been set at 50%; however, to reach the lower HbA1lc target of <6.5% (48mmol/mol),
an even greater TITR of > 55% may be needed [63]. While we await additional, high quality evidence for this
metric in youth with diabetes [64], as well as guidance on how best to message and use this metric for clinical
care, it is logical that increasing time spent in a tight range may reflect lower glucose variability and reduce the
long-term risk of complications. Importantly, when selecting any CGM metric to use in care settings it is essential
to adopt an educational framework that places the child and caregiver at its core and is sensitive to holistic health
needs that extend beyond glucose levels.

Self-Monitored Blood Glucose
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¢ Inthe absence of CGM, pre-prandial SMBG targets should be 4.0 — 8.0mmol/L
[70 — 144mg/dL], and 4.0 — 10mmol [70-180mg/dL] post-prandial. [B]

e In the absence of CGM, SMBG should be undertaken at least 6 times a day in
persons with diabetes taking insulin [B]

SMBG meter values should be targeted to correspond to an HbAlc <7% (<53mmol/mol), to align with the CGM
time in range (TIR) target of >70% between 4 — 10mmol [70-180mg/dL], and the strong correlation of CGM
metrics with HbAlc reviewed earlier. For educational purposes 3.9mmol/L (70mg/dL) has been intentionally
rounded to 4.0mmol/L, however some centres may use 3.9mmol/L as usual practice. Fasting target ranges
glucoses of 4.0 — 8mmol/L [70 — 144mg/dL] are recommended to achieve this HbAlc target. SMBG glucose levels
prior to bed of 4.0 — 8mmol [70-144mg/dL] are appropriate, however caregivers may have more confidence with
higher levels within the 4.0 - 10mmol/L (70-180mg/dL] range in certain scenarios; for example, if there has been
preceding hypoglycemia, exercise, hypoglycemic unawareness.

3. Practical Considerations and Limitations.
Each mode of measuring glycemia comes with its own limitations and practical considerations. HbAlc has long
been the accepted benchmark for glycemia. However, it has several limitations such as i) for a given HbAlc, there
is a wide range of mean glucose concentration values, and for any given mean glucose value there is a wide range
of HbAlc values[65], ii) racial differences[66] and iii) unreliable measurement in certain conditions including
anemia, hemoglobinopathies and liver disease [58]. CGM may be impacted by various pharmaceutical agents[67],
and can be intermittently inaccurate, however, overall accuracy in modern CGM technology is very high [68-70].
SMBG retains a place in measuring glycemia where this is the only mode available, but maintaining the >6 self-
tests per day to guide management has long been recognized as a significant barrier to improving overall glycemia
[71]. Overall, the strengths and limitations of each mode of measuring glycemia should be considered and
interpreted in accordance to the environment and/or clinical characteristics of the person with diabetes.
In addition, while advanced technologies are enabling people with diabetes and healthcare professionals to aim
for near-optimal blood glucose levels, the demands of care and the limitations of current treatment options
prevent this being a reality for most young people with diabetes and their caregivers.

4. conclusion

Future research is needed to evaluate differences in risk of complications and perceived care burdens between
the currently proposed HbA1lc target of 6.5% (48 mmol/mol) and the former 7.0% (53 mmol/mol) target. The
former might be achieved using mathematical modelling to assess the relative risk of diabetes complications
based on historical and contemporary data. These data would help inform the benefits of a lower HbAlc weighed
against any increased burden of care, and assist an individualised approach to setting glycemic targets.

As we move forward, there is also a need to utilize standardized CGM metrics alongside emerging diagnostic
techniques that can predict diabetes complications. This approach will help bridge the gap until long-term registry
data can confirm the relationship between CGM metrics and complication development.

Herein, we advocate for a shift in HbAlc targets that aligns with advancements in diabetes technologies and care.
This approach is pragmatic to the immediate needs of individuals and their caregivers while embracing
anticipatory and preventive care strategies for the long term. To achieve uniform glycemic targets across the
ISPAD community, ongoing efforts are needed to address global disparities in access to these technologies

Conflicts of Interest

MdB- Research funding from Novo Novonordisk, Medtronic, Ypsomed, Dexcom, and Insulet. Honoraria, travel
expenses or speaking fees from Novo Nordisk, Sanofi, Pfizer, Medtronic, Boerhinger Ingelheim, Ypsomed,
Dexcom, and Insulet. Advisory Boards for Tandem and Dexcom, Nascence technology, and Tautoko Biomedical
KD- received honoraria for participation in the speaker’s bureau of Abbott, Eli Lilly, Medtronic, NovoNordisk A/S,
and Pfizer. Advisory board for Medtronic and Novo Nordisk.

20z 48quiedaQ 0¢ uo 3senb Aq Jpd'99ze¥S000/L5€ L LE7/992ELS000/6S L L 0L /10p/spd-ajoiue/diy/woo 1ab.ex//:dpy wouy papeojumoq



DM- Research support from the NIH, JDRF, NSF, and the Helmsley Charitable Trust and his institution has had
research support from Medtronic, Dexcom, Insulet, Bigfoot Biomedical, Tandem, and Roche. Dr Maahs has
consulted for Abbott, Aditxt, the Helmsley Charitable Trust, Lifescan, Mannkind, Sanofi, Novo Nordisk, Eli Lilly,
Medtronic, Insulet, Dompe, Biospex, Provention Bio, Kriya, Enable Biosciences, and Bayer.

FM- Research support from the Canadian Institute for Health Research (CIHR), Physicians Services Incorporated,
Heart and Stroke Foundation, Diabetes UK and Breakthrough Diabetes (formerly JDRF).

CS- speaker honoraria from Medtronic and Eli Lilly and advisory boards for Abbott.

LM- Research support from the NIH, JDRF, and the Helmsley Charitable Trust. Her institution has received
research support from Dompe, Lilly, Mannkind, Medtronic, Provention Bio, Sanofi, and Zealand. Dr DiMeglio has
consulted for Abata, Tandem, Biomea Fusion, and Vertex. She also received payment from Sanofi for a CME talk
(content independently developed by her).

JC, MD, YN, LP- No conflicts of interest to declare

Funding Sources: The 2024 Consensus guidelines were supported by unrestricted grants from Abbott Diabetes
Care, Dexcom, Medtronic and Sanofi. These companies did not take part in any aspect of the development of
these guidelines.

Author Contributions: MB and LD co-directed the guideline development process. MB, JC, MD, KD, DM, LM, FM,
YN, LP, CS and LD contributed equally to the content of individual chapters. MB synthesized these contributions to
develop the original full draft of the guideline. Subsequently, MB, JC, MD, KD, DM, LM, FM, YN, LP, CS and LD
participated in revising both the original manuscript and subsequent versions. LD, as the editor of the guideline,
supervised the overall development and revision process.

Methodology: A literature search was conducted to gather updated evidence, using a combination of relevant
medical subject headings (MeSH, Emtree) and free text terms specific to each chapter's focus. Studies published
from 2021-2022 onward, related to children and young adults, were retrieved from MEDLINE. The Project Officer,
in collaboration with chapter leads and co-authors, performed the literature searches. The resulting articles were
then uploaded to COVIDENCE for screening and review. Two authors/experts involved in drafting this guideline
version, independently screened the articles. Any disagreements were resolved by a third reviewer. Where
relevant, further literature was included.

Recommendations were graded as per the ADA evidence grading system for “standards of Medical Care in
Diabetes [72]. This hierarchical A-E grading system sets A as having the highest level of evidence, and E having
the lowest.

The draft chapter was posted on the ISPAD forum to allow feedback from the greater ISPAD membership.
Modifications were made with authorship consensus, with the chapter receiving endorsement from the ISPAD
editorial team.

Literature search terms are summarized in Supplementary material.

Abbreviations:

AGP: Ambulatory Glucose Profile

AID: Automated Insulin Delivery

BMI: Body Mass Index

CGM: Continuous Glucose Monitoring

HbAlc: Hemoglobin Alc

ISPAD: International Society for Pediatric and Adolescent Diabetes

SDS: Standard Deviation Score

SMBG: Self-Monitored Blood Glucose

TIR: Time In Range

TITR: time in tight range

20z 48quiedaQ 0¢ uo 3senb Aq Jpd'99ze¥S000/L5€ L LE7/992ELS000/6S L L 0L /10p/spd-ajoiue/diy/woo 1ab.ex//:dpy wouy papeojumoq



References

1. Cleary, P.A,, et al., Beneficial effects of intensive therapy of diabetes during adolescence: outcomes after
the conclusion of the Diabetes Control and Complications Trial (DCCT). ) Pediatr, 2001. 139(1): p. 804-12.
2. Control, D. and C.T.R. Group, Effect of intensive diabetes treatment on the development and progression

of long-term complications in adolescents with insulin-dependent diabetes mellitus: Diabetes Control and
Complications Trial. The Journal of pediatrics, 1994. 125(2): p. 177-188.

3. Arngvist, H.J., J. Ludvigsson, and M. Nordwall, Early increase in HbA1c trajectory predicts development of
severe microangiopathy in patients with type 1 diabetes: the VISS study. BMJ Open Diabetes Research and Care,
2024.12(3): p. e003917.

4. Arnquist, H.J., et al., Impact of HbA1c followed 32 years from diagnosis of type 1 diabetes on development
of severe retinopathy and nephropathy: the VISS study. Diabetes Care, 2022. 45(11): p. 2675-2682.
5. Tienhaara, E., et al., The natural history of emerging diabetic retinopathy and microalbuminuria from

prepuberty to early adulthood in Type 1 diabetes: A 19-year prospective clinical follow-up study. Diabetic
Medicine, 2022. 39(1): p. e14732.

6. Miller, R.G., T.J. Orchard, and T. Costacou, 30-Year cardiovascular disease in type 1 diabetes: risk and risk
factors differ by long-term patterns of glycemic control. Diabetes Care, 2022. 45(1): p. 142-150.

7. Miller, R.G. and T.J. Orchard, Understanding metabolic memory: a tale of two studies. Diabetes, 2020.
69(3): p. 291-299.

8. McEwan, P., et al., Assessing the economic value of maintained improvements in Type 1 diabetes
management, in terms of HbA1c, weight and hypoglycaemic event incidence. Diabetic Medicine, 2018. 35(5): p.
557-566.

9. Bak, J.C., et al., National diabetes registries: do they make a difference? Acta Diabetologica, 2021. 58(3): p.
267-278.

10. Foster, N.C,, et al., State of type 1 diabetes management and outcomes from the T1D Exchange in 2016—
2018. Diabetes technology & therapeutics, 2019. 21(2): p. 66-72.

11. NICE. Diabetes (type 1 and type 2) in children and young people: diagnosis and management. 2023 11
May 2023 [cited 2024 21 August]; Available from: https://www.nice.org.uk/guidance/ng18.

12. Holmes-Walker, D.J., et al., Glycaemic outcomes in Australasian children and adults with type 1 diabetes:
failure to meet targets across the age spectrum. Internal medicine journal, 2023. 53(1): p. 61-67.
13. Al-Shehaili, S.M., et al., The effect of poor glycemic control on cognitive function in children and

adolescents with type 1 diabetes mellitus: A single-center cross-sectional study (2019-2020). Saudi Medical
Journal, 2023. 44(10): p. 1006.

14. Prahalad, P., et al., T1D exchange quality improvement collaborative: accelerating change through
benchmarking and improvement science for people with type 1 diabetes. Journal of diabetes, 2022. 14(1): p. 83.
15. Gerhardsson, P., et al., The SWEET project 10-year benchmarking in 19 countries worldwide is associated

with improved HbA1c and increased use of diabetes technology in youth with type 1 diabetes. Diabetes technology
& therapeutics, 2021. 23(7): p. 491-499.

16. Alonso, G.T., et al., Establishment of the T1D exchange quality improvement collaborative (T1DX-QI).
Clinical Diabetes, 2020. 38(2): p. 141-151.

17. Samuelsson, U., et al., Continued improvement of metabolic control in Swedish pediatric diabetes care.
Pediatric diabetes, 2018. 19(1): p. 150-157.

18. Addala, A,, et al., A decade of disparities in diabetes technology use and HbA1c in pediatric type 1
diabetes: a transatlantic comparison. Diabetes Care, 2021. 44(1): p. 133-140.

19. Burnside, M.J,, et al., Inequity in access to continuous glucose monitoring and health outcomes in
paediatric diabetes, a case for national continuous glucose monitoring funding: A cross-sectional population study
of children with type 1 diabetes in New Zealand. The Lancet Regional Health-Western Pacific, 2023. 31: p. 100644.
20. Virmani, A, et al., ISPAD Clinical Practice Consensus Guidelines 2022: Management of the child,
adolescent, and young adult with diabetes in limited resource settings. Pediatr Diabetes, 2022. 23(8): p. 1529-
1551.

20z 48quiedaQ 0¢ uo 3senb Aq Jpd'99ze¥S000/L5€ L LE7/992ELS000/6S L L 0L /10p/spd-ajoiue/diy/woo 1ab.ex//:dpy wouy papeojumoq


https://www.nice.org.uk/guidance/ng18

21. Van Loocke, M., et al., Lower HbA1c targets are associated with better metabolic control. European
journal of pediatrics, 2021. 180: p. 1513-1520.

22. de Bock, M., et al., ISPAD Clinical Practice Consensus Guidelines 2022: Glycemic targets and glucose
monitoring for children, adolescents, and young people with diabetes. Pediatric Diabetes, 2022. 23(8): p. 1270-
1276.

23. Swedish National Diabetse (NDR) diabetes in children and adolecents annual report 2020. 2020:
https://www.ndr.nu/pdfs/Annual Report Swediabkids 2020.pdf.

24, Sundberg, F., et al., ISPAD clinical practice consensus guidelines 2022: managing diabetes in preschoolers.
Pediatric Diabetes, 2022. 23(8): p. 1496.

25. ElSayed, N.A,, et al., 14. Children and Adolescents: Standards of Care in Diabetes—2024. Diabetes Care,
2024. 47.

26. The Effect of Intensive Treatment of Diabetes on the Development and Progression of Long-Term
Complications in Insulin-Dependent Diabetes Mellitus. New England Journal of Medicine, 1993. 329(14): p. 977-
986.

27. Torben Biester, C.B., Charlotte Boughton, Laura Cudizio, Laya Ekhlaspour, Marisa E Hilliard, Leenatha
Reddy, Suzanne Sap Ngo Um, Melissa Schoelwer, Jennifer L. Sherr, Klemen Dovc, ISPAD Clinical Practice
Consensus Guidelines 2024: Diabetes Technologies: Insulin Delivery. Hormone research in pediatrics, 2024. In
preparation.

28. Mathieu, C., et al., The Health Economics of Automated Insulin Delivery Systems and the Potential Use of
Time in Range in Diabetes Modeling: A Narrative Review. Diabetes Technology & Therapeutics, 2024. 26(S3): p.
66-75.

29. Biskupiak, J.E., et al., Cost-effectiveness of the tubeless automated insulin delivery system vs standard of
care in the management of type 1 diabetes in the United States. Journal of Managed Care & Specialty Pharmacy,
2023. 29(7): p. 807-817.

30. Hautala, N., et al., Prevalence of diabetic retinopathy in young adults with type 1 diabetes since childhood:
the O ulu cohort study of diabetic retinopathy. Acta ophthalmologica, 2014. 92(8): p. 749-752.

31. Schreur, V., et al., Risk factors for development and progression of diabetic retinopathy in Dutch patients
with type 1 diabetes mellitus. Acta ophthalmologica, 2018. 96(5): p. 459-464.
32. Sherif, E.M., et al., Changes in early optical coherence tomography angiography among children and

adolescents with type 1 diabetes: Relation to fibroblast growth factor 21. Diabetes/Metabolism Research and
Reviews, 2023. 39(2): p. e3598.

33. Samuelsson, U., et al., The importance of low HbA1c during childhood on glycaemic control in adulthood
and the risk of late complications. Acta Paediatrica, 2021. 110(4): p. 1264-1272.
34. Spanakis, E.K. and S.H. Golden, Race/ethnic difference in diabetes and diabetic complications. Current

diabetes reports, 2013. 13: p. 814-823.
35. Rossing, P., et al., Prevalence of Chronic Kidney Disease in Type 1 Diabetes Among Adults in the US.
Diabetes Care, 2024: p. dc240335.

36. Vazquez, L., et al., Glycemic measures in childhood as predictors of future diabetes-related microvascular
complications in an indigenous american population. Diabetes Care, 2023. 46(9): p. 1659-1667.
37. Rasmussen, V.F., et al., Neuropathy in adolescents with type 1 diabetes: Confirmatory diagnostic tests,

bedside tests, and risk factors. Diabetes Research and Clinical Practice, 2023. 201: p. 110736.

38. Ibrahim, B.A., S.A. Hussein, and W.H. Abdullah, COGNITIVE FUNCTIONS IN CHILDREN WITH TYPE |
DIABETES. INDEXED IN PUBMED/MEDLINE, SCOPUS, EMBASE, EBSCO, INDEX COPERNICUS, POLISH MINISTRY OF
EDUCATION AND SCIENCE, POLISH MEDICAL BIBLIOGRAPHY, 2023: p. 944.

39. Kar, S., et al., Effect of metabolic control on cognitive functions in children and adolescents with type 1
diabetes mellitus. Journal of Pediatric Endocrinology and Metabolism, 2023. 36(7): p. 636-642.

40. Mauras, N., et al., Impact of type 1 diabetes in the developing brain in children: a longitudinal study.
Diabetes Care, 2021. 44(4): p. 983-992.

41. Liu, S., et al., Neurodevelopmental disorders, glycemic control, and diabetic complications in type 1

diabetes: a nationwide cohort study. The Journal of Clinical Endocrinology & Metabolism, 2021. 106(11): p. e4459-

e4470.
42. Papadakis, J.L., et al., Psychosocial aspects of diabetes technology use: the child and family perspective.
Endocrinology and Metabolism Clinics, 2020. 49(1): p. 127-141.

20z 48quiedaQ 0¢ uo 3senb Aq Jpd'99ze¥S000/L5€ L LE7/992ELS000/6S L L 0L /10p/spd-ajoiue/diy/woo 1ab.ex//:dpy wouy papeojumoq


https://www.ndr.nu/pdfs/Annual_Report_Swediabkids_2020.pdf

43. Lukacs, A., et al., Health-related quality of life of adolescents with type 1 diabetes in the context of
resilience. Pediatric diabetes, 2018. 19(8): p. 1481-1486.

44, Chen, C.W., et al., Observed characteristics associated with diabetes device use among teens with type 1
diabetes. Journal of diabetes science and technology, 2023. 17(1): p. 186-194.

45, Rosner, B. and A. Roman-Urrestarazu, Health-related quality of life in paediatric patients with Type 1
diabetes mellitus using insulin infusion systems. A systematic review and meta-analysis. PloS one, 2019. 14(6): p.
e0217655.

46. Edqvist, J., et al., BMI, mortality, and cardiovascular outcomes in type 1 diabetes: findings against an
obesity paradox. Diabetes Care, 2019. 42(7): p. 1297-1304.

47. DuBose, S.N., et al., Obesity in youth with type 1 diabetes in Germany, Austria, and the United States. The
Journal of pediatrics, 2015. 167(3): p. 627-632. e4.

48. Maffeis, C., et al., Prevalence of underweight, overweight, and obesity in children and adolescents with
type 1 diabetes: Data from the international SWEET registry. Pediatric diabetes, 2018. 19(7): p. 1211-1220.
49, Birkebaek, N., et al., Body mass index standard deviation score and obesity in children with type 1 diabetes

in the Nordic countries. HbA1c and other predictors of increasing BMISDS. Pediatric diabetes, 2018. 19(7): p. 1198-
1205.

50. Nansel, T., L. Lipsky, and R. lannotti, Cross-sectional and longitudinal relationships of body mass index with
glycemic control in children and adolescents with type 1 diabetes mellitus. Diabetes research and clinical practice,
2013.100(1): p. 126-132.

51. Minges, K.E., et al., Correlates of overweight and obesity in 5529 adolescents with type 1 diabetes: The
T1D Exchange Clinic Registry. Diabetes research and clinical practice, 2017. 126: p. 68-78.

52. Phelan, H., et al., Longitudinal trajectories of BMI z-score: an international comparison of 11,513
Australian, American and German/Austrian/Luxembourgian youth with type 1 diabetes. Pediatric Obesity, 2020.
15(2): p. e12582.

53. Gronberg, A. and P.O. Carlsson, Good glycemic control without exceeding the BMI trajectory during the
first 5 years of treatment in children and adolescents with type 1 diabetes. Pediatric Diabetes, 2022. 23(3): p. 341-
350.

54, Marlow, A.L., et al., Adolescents with type 1 diabetes can achieve glycemic targets on intensive insulin
therapy without excessive weight gain. Endocrinology, diabetes & metabolism, 2022. 5(4): p. e352.
55. Seget, S., et al., Body mass index, basal insulin and glycemic control in children with type 1 diabetes

treated with the advanced hybrid closed loop system remain stable-1-year prospective, observational, two-center
study. Frontiers in Endocrinology, 2022. 13: p. 1036808.

56. Piccini, B., et al., Glycemic Control, Basal/Bolus Distribution, BMI and Meal Management in Children and
Adolescents with Type 1 Diabetes and Advanced Hybrid Closed Loop. Nutrients, 2023. 15(23): p. 4875.

57. Beck, R.W., et al., Validation of time in range as an outcome measure for diabetes clinical trials. Diabetes
care, 2019. 42(3): p. 400-405.
58. Chehregosha, H., et al., A view beyond HbA1c: role of continuous glucose monitoring. Diabetes Therapy,

2019. 10: p. 853-863.
59. Beck, R.W., Is it time to replace time-in-range with time-in-tight-range? Maybe not. 2024, Mary Ann
Liebert, Inc., publishers 140 Huguenot Street, 3rd Floor New .... p. 147-150.

60. Petersson, J., et al., Translating glycated hemoglobin Alc into time spent in glucose target range: a
multicenter study. Pediatric diabetes, 2019. 20(3): p. 339-344.

61. Sundberg, F., et al., ISPAD clinical practice consensus guidelines 2022: managing diabetes in preschoolers.
2022.

62. Dunn, T.C,, et al., Is it time to move beyond TIR to TITR? Real-world data from over 20,000 users of
continuous glucose monitoring in patients with type 1 and type 2 diabetes. Diabetes Technology & Therapeutics,
2024. 26(3): p. 203-210.

63. Castafieda, J., et al., Time in tight glucose range in type 1 diabetes: predictive factors and achievable
targets in real-world users of the MiniMed 780G system. Diabetes Care, 2024. 47(5): p. 790-797.

64. Hamidi, V. and J.H. Pettus, Time in Tight Range for Patients With Type 1 Diabetes: The Time Is Now, or Is It
Too Soon? Diabetes Care, 2024. 47(5): p. 782-784.

65. Beck, R.W., et al., The fallacy of average: how using HbA1c alone to assess glycemic control can be
misleading. Diabetes care, 2017. 40(8): p. 994-999.

20z 48quiedaQ 0¢ uo 3senb Aq Jpd'99ze¥S000/L5€ L LE7/992ELS000/6S L L 0L /10p/spd-ajoiue/diy/woo 1ab.ex//:dpy wouy papeojumoq



66. Bergenstal, R.M., et al., Racial differences in the relationship of glucose concentrations and hemoglobin
Alc levels. Annals of internal medicine, 2017. 167(2): p. 95-102.

67. Basu, A., et al., Continuous glucose monitor interference with commonly prescribed medications: a pilot
study. Journal of diabetes science and technology, 2017. 11(5): p. 936-941.

68. Almurashi, A.M., E. Rodriguez, and S.K. Garg, Emerging diabetes technologies: continuous glucose
monitors/artificial pancreases. Journal of the Indian Institute of Science, 2023. 103(1): p. 205-230.

69. Garg, S.K., et al., Accuracy and safety of Dexcom G7 continuous glucose monitoring in adults with
diabetes. Diabetes technology & therapeutics, 2022. 24(6): p. 373-380.

70. Nguyen, A. and J.R. White, FreeStyle libre 3. Clinical Diabetes, 2023. 41(1): p. 127-128.

71. Patton, S.R., Adherence to glycemic monitoring in diabetes. Journal of diabetes science and technology,
2015. 9(3): p. 668-675.
72. Association, A.D., 16. Diabetes advocacy: standards of medical care in diabetes—2019. Diabetes care,

2019. 42(Supplement_1): p. $182-5183.

Figure Legends

Figure 1. Summary of Glycemic metrics

* For those who don’t have access to advanced technologies or unable to safely attain the lower target.
¥ And/or where the pursuit of the lower target does not add burden such that quality of life is impacted.
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