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Abstract
Aim: The association between glycemic control and metabolic status is poorly defined in children and
adolescents with T1D, besides being biologically plausible. We aimed to evaluate the association between
glycemic control and body mass index (BMI), blood pressure (BP), and lipid profile in children and
adolescents with T1D.

Methods: Observational cross-sectional study including children and adolescents (5-18 years old) followed
in our outpatient clinic with the diagnosis of T1D for at least a year. We used linear regression models
(unadjusted and adjusted to sex and age) to evaluate the association between glycated hemoglobin (A1c) and
time in range (TIR), several prespecified metabolic parameters, and prespecified demographic and clinical
characteristics. We considered a p-value of <0.05 to be statistically significant.

Results: A total of 144 patients were included, 51% of whom were female. The population had a mean age of
12.7±3.4 years old. We report a positive association between A1c and BMI, systolic and diastolic BP, total-
and LDL-cholesterol and triglycerides. Females and patients diagnosed at a younger age presented with
higher A1c values. There is a tendency for a negative association between TIR and the former parameters.
Higher A1c levels and lower TIR were associated with higher glycemic variability and were treated with a
higher basal insulin per Kg dose.

Conclusion: Our results support an important association between worse glycemic control and an
unhealthier metabolic profile in children and adolescents with T1D. We can hypothesize that a good
glycemic profile is needed to achieve good metabolic control at a young age.

Categories: Endocrinology/Diabetes/Metabolism, Pediatrics
Keywords: metabolic control, a1c, time-in-range, children and adolescents, type 1 diabetes

Introduction
Treatment of type 1 diabetes mellitus (T1DM) in children and adolescents is challenging, and only a small
percentage of patients achieve the recommended targets of glycemic control. [1] The evaluation of glycemic
control solely depended on glycated hemoglobin (A1c) for a long time. Nowadays, continuous glucose
monitoring (CGM) has changed this paradigm, and time in range (TIR) has been largely used for that
purpose [1].

The American Diabetes Association guidelines for youth with T1DM highlight the need for the management
of lipids, blood pressure, and weight, as well as the specific demand for glycemic control [2]. The association
between glycemic control and metabolic status is poorly investigated in children and adolescents with
T1DM beyond being biologically plausible.

For instance, higher body weight in T1DM may lead to insulin resistance and poorer glycaemic control. On
the other hand, being underweight may denote unhealthy growth and development [3,4]. Existing data hints
that better glucose control is associated with a more favorable lipid profile [5]. Also, the lipid profile is
believed to be crucial regarding cardiometabolic risk. Both hyperglycemia and dyslipidemia are common in
patients with T1DM, and both increase cardiovascular disease risk [6]. Finally, blood pressure is thought to
be an important predictor of retinopathy and nephropathy in young patients with T1DM [7].

Given the paucity of data, we aimed to evaluate the association between glycemic control (A1c and TIR) and
body mass index (BMI), blood pressure (BP), and lipid profile in children and adolescents with T1DM.

Materials And Methods

1 2 2 3 4

2

 
Open Access Original
Article  DOI: 10.7759/cureus.43416

How to cite this article
Canha M, Ferreira S, Santos Silva R, et al. (August 13, 2023) Glycemic Control and Metabolic Parameters in Children and Adolescents With Type 1
Diabetes. Cureus 15(8): e43416. DOI 10.7759/cureus.43416

https://www.cureus.com/users/288496-marta-canha
https://www.cureus.com/users/288497-sofia-ferreira
https://www.cureus.com/users/301661-rita-santos-silva
https://www.cureus.com/users/460021-aida-azevedo
https://www.cureus.com/users/531785-ana-rodrigues
https://www.cureus.com/users/288505-cintia-castro-correia
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


This study was reviewed and approved by the ethical committee of our center. Written informed consent for
participation was not required for this study in accordance with national legislation and institutional
requirements. The privacy of the patients included was preserved throughout the study. 

Study design and study participants
This is a cross-sectional observational study evaluating children and adolescents (5-18 years old) followed in
an outpatient clinic in our tertiary center with the diagnosis of T1DM for over a year. 

Data collection and parameters definitions
The following demographic parameters were collected from medical records: sex, age at diagnosis, and age at
evaluation. At the time-point evaluation, the following clinical parameters were collected: weight, height,
systolic BP, diastolic BP, A1c, lipidic profile (total cholesterol, LDL cholesterol, HDL cholesterol, and
triglycerides), total daily basal insulin, delivery method (continuous subcutaneous insulin infusion, CSII, or
multiple daily injections).

CGM-based glucose metrics were collected whenever they became available from LibreView within the 30
days before the appointment. These metrics were defined considering ATTD consensus
recommendations [8]:

TIR: CGM-based percentage of time spent in the target range of 70-180 mg/dL;

Time above range, TAR: percentage of time spent >180mg/dL;

Time below range, TBR: percentage of time spent <70mg/dL. 

Outcomes and statistical analysis
Continuous variables are described as mean ± standard deviation, or median (25th to 75th percentiles), and
categorical variables as proportions (percentages). We performed unadjusted and adjusted linear regression
analyses to evaluate the association between A1c and TIR and several prespecified metabolic parameters.
The adjusted model included sex and age. We also performed unadjusted and adjusted linear regression
analyses to evaluate the association between A1c and TIR and the clinical and demographic characteristics
of patients. Statistical analyses were conducted using Stata software, version 14.1 (StataCorp). We
considered a two-sided p-value of less than 0.05 to be statistically significant.

Results
Baseline population characteristics
Table 1 shows the demographic and clinical characteristics of the included population (n=144). The
population had a mean age of 12.7±3.4 years old, with 51% being female. The median BMI percentile was
20.4±3.7kg/m2. The average A1c was 8.1±1.2%, and the TIR was 47.7±17.3%.
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Feminine sex, n (%) 73 (50.7)

Age at diagnosis, years 6.7 ± 3.7

Age at evaluation, years 12.7 ± 3.4

Weight, kg 49.3 ± 16.2

Height, cm 153.0 ± 17.2

BMI, kg/m2 20.4 ± 3.7

BMI percentile 67.4 [46.2; 83.0]

Systolic blood pressure, mmHg 112.5 ± 11.0

Diastolic blood pressure, mmHg 65.0 ± 8.8

A1c, % 8.1 ± 1.2

Total cholesterol, mg/dL 159.0 ± 31.4

HDL cholesterol, mg/dL 56.6 ± 9.5

LDL cholesterol, mg/dL 89.8 ± 27.6

Triglycerides, mg/dL 63.1 ± 29.3

CSII users, n (%) 122 (85.9)

Continuous Glucose Monitoring users, n (%) 128 (88.9)

Total daily basal insulin, UI 20.2 ± 8.6

Total daily basal insulin per Kg, UI/kg 0.4 ± 0.1

TIR, % 47.7 ± 17.3

TAR, % 48.6 ± 18.0

TBR, % 3.6 ± 4.2

Coefficient of variation, % 39.5 ± 7.0

TABLE 1: Clinical and demographic characteristics of the population included (n=144).
BMI: Body mass index; A1c: Glycated hemoglobin; CSII: Continuous subcutaneous insulin infusion; TIR: Time in range; TAR: Time above range; TBR:
Time below range.

Values are shown as mean ± standard deviation or as median [percentile 25 to percentile 75].

Association between A1c and TIR and metabolic parameters
Table 2 regards the association between A1c, TIR, and metabolic parameters. There was a positive
association between A1c and BMI, systolic and diastolic BP, total and LDL cholesterol, and triglycerides.
These associations remain significant after adjusting for sex and age at evaluation. Although not
statistically significant (in a possible association with a lack of power given the missing data concerning TIR
as expressed in Table 4), there is a tendency for a negative association between TIR and the former
parameters.
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 A1c TIR

 b p-value b p-value

BMI, kg/m2     

Non-adjusted 0.08 0.004 0.08 0.909

Adjusted model† 0.07 0.033 -0.55 0.537

Systolic blood pressure, mmHg     

Non-adjusted 0.02 0.010 -0.12 0.515

Adjusted model† 0.03 0.021 -0.24 0.233

Diastolic blood pressure, mmHg     

Non-adjusted 0.04 0.000 -0.26 0.245

Adjusted model† 0.04 0.001 -0.29 0.273

Total cholesterol, mg/dL     

Non-adjusted 0.01 0.000 -0.08 0.362

Adjusted model† 0.01 0.000 -0.09 0.321

HDL cholesterol, mg/dL     

Non-adjusted 0.002 0.882 -0.14 0.474

Adjusted model† 0.005 0.687 -0.11 0.585

LDL cholesterol, mg/dL     

Non-adjusted 0.02 0.000 -0.01 0.926

Adjusted model† 0.02 0.000 -0.03 0.811

Triglycerides, mg/dL     

Non-adjusted 0.01 0.004 -0.09 0.300

Adjusted model† 0.01 0.030 -0.11 0.202

TABLE 2: Association between A1c and TIR and metabolic parameters.
BMI: Body mass index; A1c: Glycated hemoglobin; TIR: Time in range. † Adjusted for sex and age at evaluation.

Association between A1c and TIR and clinical and demographic
characteristics
Table 3 shows the association between A1c and TIR and clinical and demographic characteristics. Patients
diagnosed at an older age presented with lower A1c values and a higher TIR at CGM. Higher A1c levels and
lower TIR were associated with higher TAB, TBR, and glycemic variability and were treated with a higher
basal insulin per Kg dose.
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 A1c TIR

 b p-value b p-value

Sex*     

Non-adjusted 0.42 0.036 0.79 0.839

Adjusted model† 0.38 0.059 0.95 0.809

Age at evaluation, years     

Non-adjusted 0.05 0.129 0.52 0.373

Adjusted model† 0.04 0.220 0.50 0.408

Age at diagnosis, years     

Non-adjusted -0.04 0.194 1.43 0.003

Adjusted model† -0.07 0.023 1.70 0.002

Total daily basal insulin, UI     

Non-adjusted 0.05 0.000 -0.39 0.110

Adjusted model† 0.05 0.001 -1.08 0.001

Total daily basal insulin per Kg, UI/kg     

Non-adjusted 3.74 0.000 -53.1 0.004

Adjusted model† 3.46 0.000 -61.4 0.001

TAR, %     

Non-adjusted 0.03 0.000 -0.93 0.000

Adjusted model† 0.03 0.000 -0.93 0.000

TBR, %     

Non-adjusted 0.01 0.764 -0.34 0.468

Adjusted model† 0.01 0.825 -0.32 0.486

Coefficient of variation, %     

Non-adjusted 0.06 0.003 -0.99 0.004

Adjusted model† 0.05 0.012 -0.85 0.019

TABLE 3: Association between A1c and TIR and clinical and demographic characteristics.
A1c: Glycated hemoglobin; TIR: Time in range; TAR: Time above range; TBR: Time below range.

* Codded as 1 if female and 0 if male. † Adjusted for sex and age at evaluation.

Missing data per variable
Table 4 displays missing data per variable analyzed.
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Age at diagnosis, n (%) 5 (3.5)

Age at evaluation, n (%) 3 (2.1)

BMI, n (%) 2 (1.4)

Systolic blood pressure, n (%) 6 (4.2)

Diastolic blood pressure, n (%) 7 (4.9)

A1c, n (%) 2 (1.4)

Total cholesterol, n (%) 14 (9.7)

HDL cholesterol, n (%) 14 (9.7)

LDL cholesterol, n (%) 26 (18.1)

Triglycerides, n (%) 14 (9.7)

CSII users, n (%) 2 (1.4)

Total daily basal insulin, n (%) 9 (6.3)

TIR, n (%) 63 (43.8)

TAR, n (%) 64 (44.4)

TBR, n (%) 63 (43.8)

Coefficient of variation, n (%) 101 (70.1)

TABLE 4: Missing data per variable.
BMI: Body mass index; A1c: Glycated hemoglobin; CSII: Continuous subcutaneous insulin infusion; TIR: Time in range; TAR: Time above range; TBR:
Time below range.

Discussion
This is a cross-sectional study aiming to evaluate the association between glycemic control and several
metabolic parameters in children and adolescents with T1DM. Our results show a significant positive
association between A1c and BMI, systolic and diastolic BP, total and LDL-cholesterol, and triglycerides, and
a tendency for a negative association between TIR and the former parameters. These results help to support
the gap regarding this area of knowledge and suggest that in children and adolescents with T1DM, worse
glycemic control is associated with an unhealthier metabolic profile. 

Here, we report a positive association between A1c and BMI and a negative tendency between TIR and BMI.
The existing literature is not consensual on this topic. Data supporting the formerly known effect of
increasing insulin to try to improve glycemic control, which contributes to increased BMI [9]. This led to
recognizing the importance of minimizing weight gain while optimizing glycemic control to control
cardiometabolic risk [9]. On the other hand, studies are agreeing with our results [10], and there is data
stating no association between BMI and glycemic control [11].

We present an association between higher systolic and diastolic BP and higher A1c and a tendency between
higher BP and lower TIR. Our results are in accordance with data from Chatterjee et al., who studied 24-hour
ambulatory blood pressure in children and adolescents with type 1 diabetes mellitus. These authors
concluded that poor diabetes control is associated with abnormal systolic BP [12]. Also, Shalaby et al.
presented their findings in which higher A1c levels were associated with higher systolic and diastolic BP
(diurnal and nocturnal) [13]. Nonetheless, there is data stating no associations between glycemic control
and BP [14].

In our cohort, higher A1c was associated with higher levels of triglycerides and total and LDL cholesterol.
Agreeing with our findings, Stankute et al. reported that A1c concentration was positively associated with
levels of triglycerides, total- and LDL-cholesterol in a cohort of 883 patients under 25 years old [15]. Also,
Shah et al. concluded that poor glycemic control predicted the likelihood of dyslipidemia and
hypertriglyceridemia in poorly controlled Indian children with type 1 diabetes [16]. An analysis of the
SEARCH study [17], including 1478 youth with type 1 diabetes, stated that worse glycemic control over time
is a risk factor for the progression of dyslipidemia (progression meaning normal lipid concentrations at
baseline and abnormal at follow-up) [18]. Contrarily, Mercedes Prado, et al. reported no significant
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differences concerning triglycerides, total-, LDL-, and HDL-cholesterol comparing children and adolescents
with T1DM with A1c higher or lower than 7.5%; however, this was a small cohort, and the continuous
analysis was not presented [19].

Considering the above, we can hypothesize that a good glycemic profile is needed to achieve good metabolic
control at a young age and that this may reflect in future cardiometabolic risks. There is data on suboptimal
diabetes control and abnormal microvasculature, a surrogate marker of damage to the cardiovascular
system [20], which strengthens this hypothesis. It can also be hypothesized that the relationship might be
bidirectional. 

Concerning our secondary analysis, we report that patients diagnosed at an older age presented with lower
A1c values (a significant result for our adjusted model), in accordance with the results from Hashemipour et
al. [21]. Also, patients who present higher A1c levels and lower TIR seem to be treated with a higher basal
insulin per Kg dose; this is in accordance with previous data on the pediatric population [22-24]. It can be
hypothesized that this may be driven by poorly compliant patients who are treated with high basal insulin,
expecting it to reduce blood sugar levels. However, this may be deleterious. For instance, these patients may
respond to reduced glucose levels with augmented food intake, which would induce further
hyperglycemia [22]. 

There are limitations inherent to this study that must be acknowledged. First, this is a retrospective cross-
sectional study, and, as such, we have considerable missing data regarding some important parameters such
as TIR. Also, there are possible confounders that we may not have accounted for. Still, we believe that the
importance of our results fairly overcomes these limitations and opens a door in this area of knowledge.

Conclusions
Concluding, our results support an important association between worse glycemic control and an
unhealthier metabolic profile in children and adolescents with T1DM. We can hypothesize that a good
glycemic profile is needed to achieve good metabolic control at a young age and that this may reflect in
future cardiometabolic risk. Prospective studies are needed to verify this hypothesis.
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Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Comissão de Ética CHUSJ
issued approval NA. This study was reviewed and approved by the ethical committee of our centre. Written
informed consent for participation was not required for this study, in accordance with the national
legislation and the institutional requirements. Privacy of the patients included was preserved throughout
the study. Animal subjects: All authors have confirmed that this study did not involve animal subjects or
tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Urakami T: Significance of the CGM metric of time in range in children and adolescents with type 1

diabetes. Endocr J. 2022, 69:1035-42. 10.1507/endocrj.EJ22-0257
2. Bantle JP, Wylie-Rosett J, Albright AL, et al.: Nutrition recommendations and interventions for diabetes: a

position statement of the American Diabetes Association. Diabetes Care. 2008, 31 Suppl 1:S61-78.
10.2337/dc08-S061

3. Polsky S, Ellis SL: Obesity, insulin resistance, and type 1 diabetes mellitus. Curr Opin Endocrinol Diabetes
Obes. 2015, 22:277-82. 10.1097/MED.0000000000000170

4. Meyers A, Joyce K, Coleman SM, et al.: Health of children classified as underweight by CDC reference but
normal by WHO standard. Pediatrics. 2013, 131:e1780-7. 10.1542/peds.2012-2382

5. Maahs DM, Dabelea D, D'Agostino RB Jr, et al.: Glucose control predicts 2-year change in lipid profile in
youth with type 1 diabetes. J Pediatr. 2013, 162:101-7.e1. 10.1016/j.jpeds.2012.06.006

6. Maahs DM, Wadwa RP, Bishop F, Daniels SR, Rewers M, Klingensmith GJ: Dyslipidemia in youth with
diabetes: to treat or not to treat?. J Pediatr. 2008, 153:458-65. 10.1016/j.jpeds.2008.05.062

7. Gallego PH, Craig ME, Hing S, Donaghue KC: Role of blood pressure in development of early retinopathy in
adolescents with type 1 diabetes: prospective cohort study. BMJ. 2008, 337:a918. 10.1136/bmj.a918

8. Battelino T, Danne T, Bergenstal RM, et al.: Clinical targets for continuous glucose monitoring data
interpretation: recommendations from the international consensus on time in range. Diabetes Care. 2019,
42:1593-603. 10.2337/dci19-0028

9. Nansel TR, Lipsky LM, Iannotti RJ: Cross-sectional and longitudinal relationships of body mass index with
glycemic control in children and adolescents with type 1 diabetes mellitus. Diabetes Res Clin Pract. 2013,
100:126-32. 10.1016/j.diabres.2012.12.025

10. van Vliet M, Van der Heyden JC, Diamant M, Von Rosenstiel IA, Schindhelm RK, Aanstoot HJ, Veeze HJ:

2023 Canha et al. Cureus 15(8): e43416. DOI 10.7759/cureus.43416 7 of 8

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1507/endocrj.EJ22-0257
https://dx.doi.org/10.1507/endocrj.EJ22-0257
https://dx.doi.org/10.2337/dc08-S061
https://dx.doi.org/10.2337/dc08-S061
https://dx.doi.org/10.1097/MED.0000000000000170
https://dx.doi.org/10.1097/MED.0000000000000170
https://dx.doi.org/10.1542/peds.2012-2382
https://dx.doi.org/10.1542/peds.2012-2382
https://dx.doi.org/10.1016/j.jpeds.2012.06.006
https://dx.doi.org/10.1016/j.jpeds.2012.06.006
https://dx.doi.org/10.1016/j.jpeds.2008.05.062
https://dx.doi.org/10.1016/j.jpeds.2008.05.062
https://dx.doi.org/10.1136/bmj.a918
https://dx.doi.org/10.1136/bmj.a918
https://dx.doi.org/10.2337/dci19-0028
https://dx.doi.org/10.2337/dci19-0028
https://dx.doi.org/10.1016/j.diabres.2012.12.025
https://dx.doi.org/10.1016/j.diabres.2012.12.025


Overweight is highly prevalent in children with type 1 diabetes and associates with cardiometabolic risk . J
Pediatr. 2010, 156:923-9. 10.1016/j.jpeds.2009.12.017

11. Pietiläinen KH, Virtanen SM, Rissanen A, Rita H, Mäenpää J: Diet, obesity, and metabolic control in girls
with insulin dependent diabetes mellitus. Arch Dis Child. 1995, 73:398-402. 10.1136/adc.73.5.398

12. Chatterjee M, Speiser PW, Pellizzarri M, Carey DE, Fort P, Kreitzer PM, Frank GR: Poor glycemic control is
associated with abnormal changes in 24-hour ambulatory blood pressure in children and adolescents with
type 1 diabetes mellitus. J Pediatr Endocrinol Metab. 2009, 22:1061-7. 10.1515/jpem.2009.22.11.1061

13. Shalaby NM, Shalaby NM: Study of ambulatory blood pressure in diabetic children: prediction of early renal
insult. Ther Clin Risk Manag. 2015, 11:1531-7. 10.2147/TCRM.S87751

14. Basiratnia M, Abadi SF, Amirhakimi GH, Karamizadeh Z, Karamifar H: Ambulatory blood pressure
monitoring in children and adolescents with type-1 diabetes mellitus and its relation to diabetic control and
microalbuminuria. Saudi J Kidney Dis Transpl. 2012, 23:311-5.

15. Stankute I, Dobrovolskiene R, Danyte E, et al.: Factors affecting cardiovascular risk in children, adolescents,
and young adults with type 1 diabetes. J Diabetes Res. 2019, 2019:9134280. 10.1155/2019/9134280

16. Shah N, Khadilkar A, Gondhalekar K, Khadilkar V: Prevalence of dyslipidemia in Indian children with poorly
controlled type 1 diabetes mellitus. Pediatr Diabetes. 2020, 21:987-94. 10.1111/pedi.13063

17. Hamman RF, Bell RA, Dabelea D, et al.: The SEARCH for Diabetes in Youth study: rationale, findings, and
future directions. Diabetes Care. 2014, 37:3336-44. 10.2337/dc14-0574

18. Shah AS, Maahs DM, Stafford JM, et al.: Predictors of dyslipidemia over time in youth with type 1 diabetes:
for the SEARCH for diabetes in youth study. Diabetes Care. 2017, 40:607-13. 10.2337/dc16-2193

19. Prado MM, Carrizo T, Abregú AV, Meroño T: Non-HDL-cholesterol and C-reactive protein in children and
adolescents with type 1 diabetes. J Pediatr Endocrinol Metab. 2017, 30:285-8. 10.1515/jpem-2016-0307

20. Hosking SP, Bhatia R, Crock PA, Wright I, Squance ML, Reeves G: Non-invasive detection of microvascular
changes in a paediatric and adolescent population with type 1 diabetes: a pilot cross-sectional study. BMC
Endocr Disord. 2013, 13:41. 10.1186/1472-6823-13-41

21. Hashemipour M, Hovsepian S, Mozafarian N, Motaghi Z, Izadikhah E, Maracy MR: Factors related to
glycemic control in children and adolescents with type 1 diabetes mellitus in Isfahan, Iran. J Diabetes Metab
Disord. 2021, 20:1281-8. 10.1007/s40200-021-00854-8

22. Strich D, Balagour L, Shenker J, Gillis D: Lower basal insulin dose is associated with better control in type 1
diabetes. J Pediatr. 2017, 182:133-6. 10.1016/j.jpeds.2016.11.029

23. Schulten RJ, Piet J, Bruijning PC, de Waal WJ: Lower dose basal insulin infusion has positive effect on
glycaemic control for children with type I diabetes on continuous subcutaneous insulin infusion therapy.
Pediatr Diabetes. 2017, 18:45-50. 10.1111/pedi.12352

24. Danne T, Battelino T, Jarosz-Chobot P, et al.: Establishing glycaemic control with continuous subcutaneous
insulin infusion in children and adolescents with type 1 diabetes: experience of the PedPump Study in 17
countries. Diabetologia. 2008, 51:1594-601. 10.1007/s00125-008-1072-2

2023 Canha et al. Cureus 15(8): e43416. DOI 10.7759/cureus.43416 8 of 8

https://dx.doi.org/10.1016/j.jpeds.2009.12.017
https://dx.doi.org/10.1016/j.jpeds.2009.12.017
https://dx.doi.org/10.1136/adc.73.5.398
https://dx.doi.org/10.1136/adc.73.5.398
https://dx.doi.org/10.1515/jpem.2009.22.11.1061
https://dx.doi.org/10.1515/jpem.2009.22.11.1061
https://dx.doi.org/10.2147/TCRM.S87751
https://dx.doi.org/10.2147/TCRM.S87751
https://pubmed.ncbi.nlm.nih.gov/22382225/
https://dx.doi.org/10.1155/2019/9134280
https://dx.doi.org/10.1155/2019/9134280
https://dx.doi.org/10.1111/pedi.13063
https://dx.doi.org/10.1111/pedi.13063
https://dx.doi.org/10.2337/dc14-0574
https://dx.doi.org/10.2337/dc14-0574
https://dx.doi.org/10.2337/dc16-2193
https://dx.doi.org/10.2337/dc16-2193
https://dx.doi.org/10.1515/jpem-2016-0307
https://dx.doi.org/10.1515/jpem-2016-0307
https://dx.doi.org/10.1186/1472-6823-13-41
https://dx.doi.org/10.1186/1472-6823-13-41
https://dx.doi.org/10.1007/s40200-021-00854-8
https://dx.doi.org/10.1007/s40200-021-00854-8
https://dx.doi.org/10.1016/j.jpeds.2016.11.029
https://dx.doi.org/10.1016/j.jpeds.2016.11.029
https://dx.doi.org/10.1111/pedi.12352
https://dx.doi.org/10.1111/pedi.12352
https://dx.doi.org/10.1007/s00125-008-1072-2
https://dx.doi.org/10.1007/s00125-008-1072-2

	Glycemic Control and Metabolic Parameters in Children and Adolescents With Type 1 Diabetes
	Abstract
	Introduction
	Materials And Methods
	Study design and study participants
	Data collection and parameters definitions
	Outcomes and statistical analysis

	Results
	Baseline population characteristics
	TABLE 1: Clinical and demographic characteristics of the population included (n=144).

	Association between A1c and TIR and metabolic parameters
	TABLE 2: Association between A1c and TIR and metabolic parameters.

	Association between A1c and TIR and clinical and demographic characteristics
	TABLE 3: Association between A1c and TIR and clinical and demographic characteristics.

	Missing data per variable
	TABLE 4: Missing data per variable.


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


