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Abstract

Background Time in range is a reliable measure of the risk of diabetes complications. High percentage of patients with
diabetes fail to achieve the recommended time in range (TIR) target of 70-180 mg/dl (3.9—10 mmol/l) >70%.

Objective This study aimed to identify factors influencing TIR prolongation.

Methods Children aged 1-17 years with >1-year type 1 diabetes (T1D) duration, treated with continuous subcutaneous
insulin infusion (CSII) >3 months, using continuous glucose monitoring (CGM) or intermittently scanned CGM (is-CGM)
>1 month, and with a registration time >70% were included. Data were collected during routine diabetology visits at an
outpatient clinic. Insulin pump and CGM or is-CGM reports in the most recent 14 days were recorded using a dedicated
software. Legal caregivers were also asked to complete a questionnaire on how the patients use the insulin pump functions
and eating habits.

Results A sample of 110 patients was categorized into two groups: those with TIR >70% and TIR <70%. TIR <70% group
presented with repeated hyperglycemia and a high glycemic variability coefficient of variation. We noted an acceptable
hypoglycemia rate (3%), regardless of the TIR value. Patients with TIR >70% predominantly used predictive low glucose
suspend system, maintained adequate intervals between insulin delivery and meal consumption, used the “bolus calculator”
function, and more frequently created electronic reports.

Conclusions Hyperglycemia and high glycemic variability prevent patients from achieving the target TIR. Advanced features
in the CGM systems, premeal insulin bolus, and patients’ involvement in diabetes treatment are the main factors contribut-
ing to TIR prolongation.

Keywords Blood glucose self-monitoring - Continuous glucose monitoring system - Type 1 diabetes - Disease
management - Therapeutics

Introduction

According to the US Type 1 Diabetes (T1D) Exchange
Registry, continuous glucose monitoring (CGM) systems
are currently the fastest growing technology for diabetes
treatment [1]. Numerous benefits of CGM have been dem-
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The increasing accuracy and advancement of CGM systems
and their widespread availability have resulted in new indi-
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international societies, including the Polish Diabetes Asso-
ciation [6, 7]. The concept of the time spent in the target
range of 70-180 mg/dl (3.9-10.0 mmol/l) or the time in
range (TIR) warrants special attention. TIR was validated as
an outcome measure in clinical trials complementing other
components of glycemic control [8]. TIR is strongly asso-
ciated with the occurrence of vascular complications and
peripheral neuropathy [8—11]. Each 10% increase in TIR is
associated with a 64% reduction in the risk of retinopathy
and a 40% reduction in the risk of microalbuminuria [8]. TIR
and HbAIc levels are correlated; each 10% increase in TIR
is associated with a 0.6—0.8% decrease in HbAlc levels [8,
12, 13]. However, HbAlc levels may be affected by many
conditions that influence the survival of the red blood cells
independent of glycemia, including the glycation rates, ure-
mia, pregnancy, smoking, and ethnicity [8]. Therefore, TIR
is a more reliable measure of the risk of diabetes complica-
tions [13]. High percentage of patients with diabetes fail
to achieve the recommended TIR target of >70%. Diabetes
Control and Complications Trial (DCCT) obtained data from
1440 participants and demonstrated that a TIR is relatively
low among patients with diabetes (52% vs. 31% for intensive
vs. conventional treatment, respectively) [9]. Data from the
Swedish Childhood Diabetes Registry revealed a mean TIR
of 60.8% (+13.1%) [14].

This study aimed to identify factors that influence TIR
prolongation, using CGM data among the pediatric popula-
tion with T1D, on continuous subcutaneous insulin infusion
(CSII).

Materials and Methods

The patients were recruited from the Department of Pedi-
atric Diabetology and the Diabetic Outpatient Clinic at the
Clinical Hospital. The study group were children aged 1-17
years with a >1-year T1D duration, treated with CSII >3
months, used CGM or intermittently scanned CGM (is-
CGM) >1 month, and with registration time >70% (the
percentage of time CGM is active, from the last 14 days)
[6]. No restrictions were imposed on participation with
respect to the type of CGM and is-CGM. Participants used

Table 1 Glycemic targets for patients using CGM systems

the following devices: Medtronic Minimed: Guardian™
Sensor 3 with Guardian™ Link 3 transmitter (GL3); Sen-
sor Enlite™ with Guardian™ 2 Link transmitter (GL2) or
Guardian™ Connect (GC); Dexcom Inc: Dexcom G6 and
Dexcom GS5; and Abbott Diabetes Care: Free Style Libre
(FSL). The records from the CGM system were registered
using the dedicated software.

Polish citizens have equal access to healthcare services
provided by the National Health Insurance System and man-
aged by the National Health Fund. Treatment with insulin
pumps is available and unpaid for, for children up to 26 years
of age with T1D. The patients had access to insulin pumps
Medtronic Minimed: Paradigm VEO, G640 and Roche Dia-
betes Care Accu-Chek Combo, free of charge.

The patients were under constant care at the outpatient
clinic and had permanent access to medical assistance. Data
were collected during routine clinical visit from January to
April 2021. The study flow diagram is presented in Fig. 1.
Insulin pump and CGM or is-CGM data were recorded using
a dedicated software. CGM metrics were analyzed in the
most recent 14 days, as per the recommendations of Interna-
tional Consensus on Time in Range [6, 8]. Moreover, legal
caregivers were asked to complete a questionnaire (Appen-
dix 1) on how the patients use the insulin pump functions
and eating habits. Severe hypoglycemia was defined as an
event with severe cognitive impairment (including coma and
convulsions) requiring assistance by another person.

Anthropometric measurements (weight and height) were
taken to calculate the body mass index standard deviation
score (BMI-SDS), which was calculated using the World
Health Organization child growth standards. A blood sam-
ple was taken for determining HbAlc levels. The test was
performed at the hospital laboratory using a high-perfor-
mance liquid chromatography (D-10 Hemoglobin Testing
System, Bio-Rad Laboratories, USA) at a nondiabetic range
of 4.1-6.4% (21-46 mmol/mol).

Statistical analysis
The sample of 110 patients was grouped into two categories:

those with TIR >70% (study group, n = 50) and those with
TIR <70% (control group, n = 60). Nominal variables were

Time in range (TIR)

Time below range (TBR)

Time above range (TAR)

Target values 70-180 mg/dl (3.9-10 mmol/l)

Percent of readings [%]
Daily time

<70 mg/dl (<3.9
mmol/l)

>T70% <4%
>16 h 48 min <lh

<54 mg/dl (<3.0 >180 mg/dl (>10.0 >250 mg/

mmol/l) mmol/l) dl (>13.9
mmol/l)
<1% <25% <5%
<15 min <6 h <1 h 12 min

CGM continuous glucose monitoring, /2 hour, min minutes
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Assesed for eligibility
(n=520)

Excluded:

* Not meeting inclusion criteria (n=258)
* Decline to participate (n=86)

* Misfiled the questionnaire (n=66)

Analyzed (n=110)

Fig. 1 The study flow diagram

presented as frequencies and percentages. Numeric variables
were described using basic descriptive statistics, depending
on the distribution (for those with normally distributed vari-
ables, mean + standard deviation were reported; for other
distributions, the median along with the first and third quar-
tiles are reported). The normality of variable distribution as
well as skewness and kurtosis were verified using Shapiro-
Wilk’s test. Homogeneity of variance was checked using
Levene’s test.

Groups were compared using Pearson’s chi-square test,
or Fisher’s exact test in case of categorical variables. For
assessing group similarity with numeric variables, the inde-
pendent Student #-test, independent Welch’s 7-test, or Mann-
Whitney U test were used, as appropriate. Assessment of
group differences was additionally described using mean/
median difference or risk ratio, with 95% confidence inter-
vals (ClIs).

Univariate logistic regression analyses were run for all
variables to assess the impact of each factor on the risk of
not exceeding 70% TIR. An additional multivariate logistic
regression analysis was executed and presented to describe
the simultaneous impact of selected variables. The variables
were selected based on the significance level reached in the
univariate model as well as the relationship between vari-
ables. Model quality assessment included chi-square test,
Hosmer and Lemeshow goodness of fit (GOF) test, and R?
Nagelkerke as well as variance inflation factor (VIF) meas-
ures. All calculations were conducted assuming 0.05 sig-
nificance level and run using R software, version 4.1.2 [15].

Univariate logistic regression analyses were performed
for all independent variables separately. Odds ratios (ORs)
and their 95% Cls were presented to determine the odds of
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patients’ TIR not exceeding the level of 70%. In the second
step, a multivariate model including selected variables was
built. Variables included in the second step were selected
based on the significance level in the univariate models and
on the relationships between the variables.

Results
Characteristic of the group

The sample of 110 patients was grouped into study and con-
trol groups with TIR >70% (study group, n = 50) and TIR
<70% (control group, n = 60), respectively; both the groups
had an equal sex distribution (50.0% each) and all partici-
pants were of Caucasian descent. Average age at diagnosis
in the cohort was 7.06 + 3.74 years, with no statistical dif-
ference between groups (p = 0.057). Significant difference
occurred in the duration of the disease (p = 0.002), which
was 3 years (median = 3.19) in the study group and 4 years
(median = 4.34) in control group (median difference, MD =
—1.15,95% CIs [-2.58; —0.15], p = 0.002). Characteristic
of the analyzed groups is presented in Table 2.

Patients had CSII implemented just after diabetes diag-
nosis without differences between groups (p = 0.324).
Medtronic Paradigm VEO (49.1%) was the most common
type of insulin pump used. There was no difference in insulin
types (p = 0.224) but infusion set type differed significantly
between groups (p = 0.014). Ninety-degree teflon cannulas
were used by majority of the participants in the study group
(72.0%). Majority of the patients (78.2%) reported exchang-
ing the infusion set every 3 days. There was no statistical
difference between the frequency of replacement of infu-
sion sets between the two groups (p = 0.559). Median time
of CGM system usage was 763.50 days and did not differ
between the groups (p = 0.318). However, the groups used
different types of CGM (p = 0.022). In the study group, most
of the patients used GL3 (32.0%); in the control group, more
than half (60.0%) the patients used FSL.

There was a significant difference (p = 0.018) between
the study group (74.0%) and the control group (50%) in the
number of patients who generated electronic reports based
on CGM and insulin pump data in a domestic environment.
Those who were unable to create electronic reports at home
had 56% higher chance of being in TIR <70% group (RR
= 1.56, 95% CIs = [1.12; 2.17]). The study group patients
were more likely to use the “bolus calculator” function
(56.0% vs. 33.3%, respectively). The lack of function usage
tended to increase the chances of lower TIR by 55% (RR =
1.55,95% CIs = [1.06; 2.27]). There was no difference in
the proportion of patients counting their carbohydrate and
fat-protein units (FPU) between the two groups (p = 0.374
and p = 0.371, respectively). Carbohydrate exchanges were
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Table 2 Characteristics of the analyzed group
Variable Total TIR > 70% TIR < 70% MD?/RR® (95% CI) p
N 110 50 60
Sex, n (%)
Girl 55 (50.0%) 23 (46.0%) 32 (53.3%) Reference 0.566*
Boy 55 (50.0%) 27 (54.0%) 28 (46.7%) 0.88 (0.62; 1.23)7
Age, years, mean = SD  11.96 + 3.73 11.70 £ 3.56 12.18 +£3.89 —0.48 (=1.9; 0.94)° 0.504!
BMI Z-score, mean + SD  0.46 + 1.03 0.63 +1.13 0.33 +£0.93 0.30 (—0.09; 0.69)° 0.131!
Age (diagnosis), years, 7.06 +3.74 7.81 +3.80 6.44 +3.61 1.36 (—0.04; 2.77)° 0.057'
mean + SD
Disease duration, days, 1430 (827.75; 2382.75)  1164.50 (634.25; 1583.50 (1188.75; —419.00 (—960.50; 0.002?
median (Q1; Q3) 1567.25) 2975.25) —-57.50)°
Disease duration, years, 3.92 (2.27; 6.53) 3.19 (1.74; 4.29) 4.34 (3.26; 8.15) —1.15 (=2.58; —=0.15)° 0.0023
median (Q1; Q3)
Time from diagnosis 10.00 (7.00; 56.00) 12.00 (7.00; 56.00) 9.00 (7; 38.5.00) 3.00 (—2.00; 7.50)° 0.324°
to pump set up, days,
median (Q1; Q3)
Insulin pump type, n (%)
Accu-Chek® Spirit 21 (19.1%) 8 (16.0%) 13 (21.7%) Reference 0.168%
Combo
MiniMed® PARA- 54 (49.1%) 21 (42.0%) 33 (55.0%) 0.99 (0.66; 1.47)’
DIGM VEO™
MiniMed® 640G 34 (30.9%) 20 (40.0%) 14 (23.3%) 0.67 (0.39; 1.12)7
OmniPod® 1(0.9%) 1(2.0%) 0 (0.0%) -
Insulin type, n (%)
NovoRapid, aspart. 35 (31.8%) 16 (32.0%) 19 (31.7%) Reference 0.224*
Novo Nordisk
Fiasp, faster insulin 26 (23.6%) 12 (24.0%) 14 (23.3%) 0.99 (0.62; 1.58)7
aspart, Novo Nordisk
Apidra, insulin gluli- 13 (11.8%) 8 (16.0%) 5(8.3%) 0.71 (0.33; 1.50)’
sine, Sanofi-Aventis
Humalog, insulin 21 (19.1%) 11 (22.0%) 10 (16.7%) 0.88 (0.51; 1.51)7
lispro, Eli Lilly
Liprolog, insulin 15 (13.6%) 3 (6.0%) 12 (20.0%) 1.47 (0.99; 2.19)7
lispro, Eli Lilly
Infusion set type, n (%)
Teflon cannulas 90° 65 (59.1%) 36 (72.0%) 29 (48.3%) Reference 0.014°
Teflon angular can- 7 (6.4%) 2 (4.0%) 5(8.3%) 1.60 (0.93; 2.75)7
nulas 30-45°
Steel cannulas 36 (32.7%) 10 (20.0%) 26 (43.3%) 1.62 (1.15;2.27)7
OmniPod 1 (0.9%) 1 (2.0%) 0(0.0%) -
Various 1 (0.9%) 1 (2.0%) 0(0.0%) -
Infusion set change, n
(%)
Every 2 days 6 (5.5%) 4 (8.0%) 2 (3.3%) Reference 0.559°
Every 3 days 86 (78.2%) 39 (78.0%) 47 (78.3%) 1.64 (0.52; 5.17)’
Every 4 days 16 (14.5%) 7 (14.0%) 9 (15%) 1.69 (0.50; 5.67)’
Every 5 or more days 2 (1.8%) 0 (0.0%) 2 (3.3%) 3.00 (0.97; 9.30)’
Length of CGM usage, 763.50 (430.00; 1171.75) 665.00 (411.25; 1105.00) 784.50 (463.50; 1217.25) —119.50 (—300.00; 0.318°

days, median (QI;
Q3)
CGM type, n (%)

153.77)"
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Table 2 (continued)

MD?/RR® (95% CI)

Variable Total TIR > 70% TIR <70% p
Dexcom 6 9 (8.2%) 7 (14.0%) 2 (3.3%) Reference 0.022°
Dexcom 5 4 (3.6%) 2 (4.0%) 2 (3.3%) 2.25 (0.47; 10.78)’

Guardian™ Link 28 (25.5%) 16 (32.0%) 12 (20.0%) 1.93 (0.53; 7.04)7
3 Transmitter and
Guardian™
Free Style Libre 51 (46.4%) 15 (30.0%) 36 (60.0%) 3.18 (0.92; 10.92)7
Mini Link 2 Trans- 14 (12.7%) 7 (14.0%) 7 (11.7%) 2.25(0.60; 8.51)7
mitter and Enlite™
Sensor
Guardian Connect 4 (3.6%) 3(6.0%) 1(1.7%) 1.12 (0.14; 9.11)7

Creating electronical
reports in domestic
environment, n (%)

Yes 67 (60.9%) 37 (74.0%) 30 (50.0%) Reference 0.018*
No 43 (39.1%) 13 (26.0%) 30 (50.0%) 1.56 (1.12; 2.17)7

Bolus calculator func-
tion, n (%)

Yes 48 (43.6%) 28 (56.0%) 20 (33.3%) Reference 0.028*
No 62 (56.4%) 22 (44.0%) 40 (66.7%) 1.55 (1.06; 2.27)7

Carbohydrate exchanges
counting, n (%)

Yes 105 (95.5%) 49 (98.0%) 56 (93.3%) Reference 0.374°
No 5(4.5%) 1(2.0%) 4(6.7%) 1.50 (0.93; 2.41)’

Protein-fat units count-
ing, n (%)

Yes 62 (56.4%) 31 (62.0%) 31 (51.7%) Reference 0.3714
No 48 (43.6%) 19 (38.0%) 29 (48.3%) 1.21 (0.86; 1.69)7

Insulin/meal latency, n
(%)

Yes 63 (57.3%) 38 (76.0%) 25 (41.7%) Reference 0.001*
No 47 (42.7%) 12 (24.0%) 35 (58.3%) 1.88 (1.33; 2.66)’

Insulin/meal latency

(time), n (%)
0 min 47 (42.7%) 11 (22.0%) 36 (60.0%) Reference <0.001*
5 min 16 (14.5%) 9 (18.0%) 7 (11.7%) 0.57 (0.32; 1.02)’
10 min 18 (16.4%) 14 (28.0%) 4(6.7%) 0.29 (0.12; 0.70)’
15 min or more 29 (26.4%) 16 (32.0%) 13 (21.7%) 0.59 (0.38; 0.90)’

DKA, n (%)
Yes 31 (28.2%) 15 (30.0%) 16 (26.7%) Reference 0.862*
No 79 (71.8%) 35 (70.0%) 44 (73.3%) 1.08 (0.73; 1.60)’

Severe hypoglycemia,
n (%)
Yes 16 (14.5%) 4 (8.0%) 12 (20.0%) Reference 0.1324
No 94 (85.5%) 46 (92.0%) 48 (80.0%) 0.68 (0.48; 0.96)’

Complications, n (%)

Yes (retinopathy) 1(0.9%) 1(2.0%) 0 (0.0%) - 0.455°

No 109 (99.1%) 49 (98.0%) 60 (100.0%) -

HbAlc, %, mean + 7.08 +0.96 6.36 + 0.46 7.67 +0.86 —-1.31 (-1.56; —1.05)° <0.001?
SD, mmol/mol 34 46 60

AVG glycemia, mg/dl, 147.50 (131.5; 164.00) 133.50 (124.00; 139.00)  162.50 (152.75; 183.25) —29.00 (—38.00; <0.001°
median (Q1; Q3) —21.50)°
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Table 2 (continued)
Variable Total TIR > 70% TIR <70% MD?/RR® (95% CI) p
CV, %, mean + SD 36.06 + 7.64 31.16 + 4.67 40.13 £7.25 —8.97 (-11.25; =6.70)°  <0.001?
TIR, %, mean + SD 67.76 + 17.35 82.97 +7.38 55.08 + 12.30 27.89 (24.12; 31.66)° <0.001?
TAR180, %, mean 19.27 +9.66 11.75 +£ 6.36 2553 +7.15 —13.78 (—16.36; <0.001"
+SD -11.20)°

TAR250, median (Q1; 5.00 (1.00; 11.00) 1.00 (0.00; 2.00)

Q3)

TBR70, %, median 3.00 (2.00; 5.00) 3.00 (2.00; 5.00)
(Q1:Q3)

TBR54, %, median 1.00 (0.00; 1.00) 0.00 (0.00; 1.00)
Q1;Q3)

TDD, IU/kg, mean 0.78 £ 0.23 0.71 £ 0.20
+SD

Base/kg, IU/kg, mean  0.29 +0.12 0.25+0.12
+SD

Base/TDD, mean = SD  0.37 +0.12 0.35+0.12

11.00 (7.00; 19.00) —10.00 (~15.00; =8.00)° <0.001°

3.00 (1.00; 5.25) 0.00 (=2.00; 1.00)° 0.880°
1.00 (0.00; 2.25) —1.00 (=1.00; —=0.50)°  0.036
0.83 +0.24 —0.12 (=0.20; —0.03)°  0.007"
0.32+0.12 —-0.07 (=0.11; =0.02)°  0.005'
0.38 +0.11 —0.03 (—0.08; 0.01)° 0.153!

AVG average, DKA diabetic ketoacidosis, TIR time in range, TARI80 time above range >180 mg/dl = 250 mg/dl, TAR250 time over 250 mg/dl,
TBR70 time below 70 mg/dl 2 54 mg/dl, TBR54 time below 54 mg/dl, TDD total daily dose of insulin, CV coefficient of variation, /U interna-
tional unit, SD standard deviation, Q/ first quartile, O3 third quartile. Group comparisons executed with independent r-Student test', independent
-Welch test?, Mann-Whitney U test®, chi-square Pearson’s test* or exact Fisher test’. MD® mean or median difference (TIR < 70% vs. TIR >
70%) with 95% confidence interval, RR’ relative risk with 95% confidence interval

calculated by almost all patients (95.5%), while FPU were
considered by more than half of them (56.4%).

The patients in the study group were more disciplined
with regard to the latency period between insulin delivery
and meal consumption (72.0%), when compared to the con-
trol group (41.7%, p < 0.001). Not maintaining a latency
period between insulin delivery and meal consumption was
correlated with an 88% higher chance of not reaching the
70% TIR level (RR = 1.88, 95% ClIs = [1.33; 2.66], p =
0.001). Diabetic ketoacidosis (DKA) and severe hypoglyce-
mic episodes were rare in both groups with no differences.

Data from CGM, except for time below the <70 mg/
dl range, differed significantly between groups. Average
glucose was higher in the control group and the differ-
ence ranged from MD = —1.00, 95% CIs [-1.00; —0.50],
p = 0.036 for time spent below target glycemia (TBR, time
below range) <54 mg/dl to MD = —13.78, 95% Cls [-16.36;
—11.20], p < 0.001 for time spent above the target blood glu-
cose level (TAR) >180 mg/dl. The total daily dose of insulin
per kilogram (TDD) was significantly different between the
two groups (MD = —0.12, 95% ClIs [-0.20; —0.03], p =
0.007). Also, the level of basal insulin rate (BIR) per kilo-
gram differed between the groups (MD = —0.07, 95% Cls
[-0.11; =0.02], p = 0.005).

Logistic regression results
The longer disease duration is correlated with the worse

TIR and one additional year increased the risk of not reach-
ing 70% TIR by 20% (OR = 1.20, 95% ClIs [1.06; 1.37], p

= 0.007). Use of metal cannulas increased the risk of TIR
<70% by three times, compared to usage of 90° teflon infu-
sion sets (OR =3.23,95% Cls [1.37; 8.04], p = 0.009). The
lack of both domestic report generation and usage of “bolus
calculator” function almost tripled the risk of TIR <70%
(OR = 2.85,95% CIs [1.29; 6.55], p = 0.011 and OR =
2.55,95% Cls [1.18; 5.60], p = 0.018, respectively). Lack of
keeping a latency period between insulin delivery and meal
consumption increased the risk by four times (OR = 4.43,
95% Cls [1.98; 10.45], p < 0.001). The HbAlc levels had
a strong impact on the risk, with a 1% increase in HbAlc
levels relating to a 161 times higher risk (OR = 161.93,
95% Cls [27.14; 1852.76], p < 0.001). Analyzing the CGM
data, the strongest impact on the risk was noted for TAR
>250 mg/dl; for every 1 pp rise, the risk increased four times
(OR =3.89,95% ClIs [2.31; 9.20], p < 0.001). Additionally,
there was a significant risk of having a TIR <70% when both
TDD and BIR increased with an impact of 11 and 101 times,
respectively (TDD: OR = 11.75, 95% ClIs [2.00 to 82.70],
p = 0.009, BIR: OR = 101.08, 95% ClIs [3.93; 3443.02], p
=0.007).

The multivariate model verified the simultaneous impact
of HbAlc levels and different latency period categories on
the risk of TIR <70%. The model identified high impact of
additional 1 pp of HbAlc and the risk increased 278 times
(OR = 278.81, 95% ClIs [35.56 to 4915.73], p < 0.001).
Further, maintaining a latency period of 5 or 10 min between
insulin delivery and meal consumption reduced the risk
by 95% (vs. not waiting). These showed OR = 0.05, 95%
CIs [0.00 to 0.37], p = 0.007 for 5 min latency and OR =
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0.05, 95% ClIs [0.00 to 0.60], p = 0.036 for 10 min latency
(Appendix 2).

Discussion

This study attempted to identify factors that contributed to
prolonged TIR in children and adolescents using CSII. We
found that the main problem of patients not achieving the
>70% target range included repeated hyperglycemia and
high glycemic variability defined by coefficient of varia-
tion (CV). Participants achieving TIR >70% predominantly
used predictive low glucose suspend systems, maintained
adequate interval between insulin delivery and meal con-
sumption, used bolus calculator, and more frequently cre-
ated electronic reports. Moreover, in this group, we observed
lower daily and basal insulin requirements.

Furthermore, disease duration >3 years in our study par-
ticipants lowered the probability of exceeding 70% TIR, and
one additional year of diabetes duration increased the risk
by 20%. The diabetes duration in the group was not long
(median, 3 and 4 years for study and control groups, respec-
tively) and the whole cohort had good metabolic control as
assessed by HbAlc levels (median 7.08%; 54 mmol/mol).
The possible reason for this trend is the effect of the patients’
age (median age, 12 years); when they become adolescents,
the glycemic control worsens compared to childhood. Ado-
lescents have the highest glycemic variability and poorest
metabolic control (especially those aged 13—18 years) [16,
17].

We found no differences between the insulin analogs used
by the study participants. There is a huge interest now on
faster acting insulin analogs. As demonstrated, faster act-
ing insulin aspart (faster aspart) used in children prolonged
TIR (38% vs. 50%) and is more effective than insulin aspart
in reducing postprandial hyperglycemia during the first and
second hour after consuming a meal [18, 19]. We did not
note in our study group that more participants used faster
aspart. We also found no influence of the type of insulin
pump on the TIR.

Previous studies have not reported differences between
steel and teflon infusion sets in their function over 7 days
[20]. In this study, we found that teflon cannulas correlated
with better TIR. The possible cause of the observed trend is
the predominant use of teflon cannulas in our diabetology
center, thus making them the first choice for most patients.

The general rule concerning length of use is 2 and 3 days
for steel and teflon infusion sets, respectively [21, 22]. Our
study participants declared changing their infusion sets regu-
larly (78.2% declared every 3-day exchange), without differ-
ences between the two groups.

We recruited participants who used both types of CGM:
real-time CGM (RT-CGM) and is-CGM. Some RT-CGMs
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work with insulin pump and have the following additional
features: predictive low glucose suspend (PLGS) or low
glucose suspend (LGS), that influence metabolic control.
Among our study group, patients with TIR >70% predomi-
nantly used the PLGS system (GL3). We noted that not all
participants who had the opportunity of using PLGS sys-
tem took advantage of it. Thirty-four participants (in both
groups) used Medtronic G640 insulin pump, but only 28
used compatible CGM system (GL3) with PLGS function.
The possible cause of that is dissatisfaction with the CGM
system due to inaccurate blood glucose measurements,
need for calibration, and/or lack of mobile phone applica-
tion. We observe that parents having younger children prefer
the CGM system with a mobile phone application to man-
age diabetes remotely as it increases their sense of security.
There is high quality evidence that PLGS leads to decreased
time spent in hypoglycemia and nocturnal hypoglycemia,
with no increase in the mean blood glucose concentration
and hyperglycemia episodes [23-25].

Participants in the study group were more likely to cal-
culate the insulin dose using “bolus calculator,” an avail-
able feature of automated bolus calculation in most insulin
pumps. Adult user data indicates that the use of a “bolus
calculator” improved HbAlc levels, mean blood glucose
levels, and glucose variability [26, 27]. On the other hand,
a randomized controlled trial in a pediatric group did not
reveal any additional effect of “bolus calculator” use with
regard to HbAlc levels, postprandial blood glucose values,
or other study outcomes [26].

The International Society for Pediatric and Adolescent
Diabetes (ISPAD) recommends carbohydrate counting from
the onset of diabetes, because it is correlated with improved
glycemic control and quality of life among both adults and
adolescents [28]. There are few methods of calculating car-
bohydrate, but research found no evidence to suggest that
one particular method is superior to another [28]. In our
diabetology center, during the first hospitalization, patients
use 10 g carbohydrate portions and are introduced to car-
bohydrate counting and insulin dose calculations by using
an individualized insulin-to-carbohydrate ratio. It is worth
emphasizing that almost all study participants declared that
they were counting carbohydrates (95.5%). Some patients in
our center count also FPU because those macronutrients (fat
and protein) lead to delayed hyperglycemia (up to 3—6 h after
the meal) [29]. Usually, patients count that 1 FPU equals 100
kcal of fat or protein and requires the same amount of insulin
(as an extended bolus) as 10 g of carbohydrates [29]. Over
half (56.4%) of the participants declared that they counted
FPU, without any differences between the two groups.

The timing of insulin bolus plays a crucial role in achiev-
ing stable glycemic values and long TIR. The recommended
insulin timing is 15-20 min before meal consumption [28,
30]. Previous studies revealed that rapid-acting insulin
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analogs before meals as opposed to after meals reduce post-
prandial glycemia by almost 30% [30]. We found also that
participants in the study group were more disciplined with
regard to maintaining a latency period between insulin deliv-
ery and meal consumption (72.0%) than participants in the
control group.

We observed significantly higher insulin doses for both
total daily dose and basal insulin dose among participants
with poor metabolic control (TIR <70% group). Previous
studies clearly indicate that uncontrolled glycemia (chronic
hyperglycemia) is a risk factor of insulin resistance [29].
Interestingly, the study participants’ insulin requirements
are still being recommended by ISPAD at ranges of 0.7 to
1.0 TU/kg/day [29]. During puberty, the requirements may
increase even up to 2 U/kg/day [29]. The study and con-
trol group patients required about 0.71 and 0.83 IU/kg/day,
respectively.

Appropriate disease self-management is a crucial fac-
tor affecting good metabolic control in diabetes. Hence, it
was not surprising that creating electronic reports for gly-
cemic trends and insulin requirements using a dedicated
platform in a domestic environment was related with longer
TIR. Considering recent advancements in diabetes due to
the use of technology such as smartphone applications and
telemedicine, there is significant opportunity to achieve bet-
ter patients’ involvement in diabetes self-management and
subsequently improve metabolic control and possibly ease
the disease burden.

Conclusions

Maintaining an adequate interval between insulin delivery
and meal consumption, usage of PLGS system with CSII,
usage of “bolus calculator” function, and patients’ involve-
ment in the diabetes treatment (generating electronical
reports in a domestic environment) may be the factors con-
tributing to prolonged TIR.

Patients with shorter TIR have a higher insulin
requirement.

Hyperglycemia and high glycemic variability are the
main problems preventing patients from achieving the goal
of treatment of TIR >70%.

Patients using CGM systems achieved an acceptable rate
of hypoglycemia, regardless of the achieved TIR values.
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