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BACKGROUND: Widely available diabetes devices (continuous glucose monitoring, insulin pump etc.) generate large 
amount of data and development of an advanced clinical decision support system (CDSS), able to automatically evaluate 
and optimize insulin therapy, is relevant.
AIM: Development of a mathematical model and an CDSS based on it to optimize insulin therapy in children with type 1 
diabetes (T1D) and assessment of the agreement between the recommendations of the CDSS and the physician on insulin 
pump (IP) parameters: basal profile (BP), carbohydrate ratio (CR), correction factor (СF).
MATERIALS AND METHODS: Data from 504 children with T1DM were analyzed over the period of 7875 days. The data 
included glucose, insulin, food, sex, age, height, weight, diabetes duration and HbA1c. We constructed recurrent neural 
network (RNN) to predict glucose concentration for 30-120 minutes, an algorithm for optimizing IP settings using prediction 
results. Next, a software product was developed — a CDSS.
To assess the agreement of the recommendations of the CDSS and physicians, retrospective data from 40 remote telemedi-
cine consultations of 40 patients with T1D (median age 11.6 years [7; 15]) were used and 960 points of possible adjustments 
were analyzed. Three degrees of agreement have been introduced: complete agreement, partial agreement, and complete 
disagreement. The magnitude of the adjustments was also analyzed.
RESULTS: The accuracy of glycemic predictions was better or comparable with other similar models. 
The assessment of agreement for BP, CR and CF, according to the Kappa index, showed slight and weak agreement. The fre-
quency of complete agreement between recommendations for adjusting the ongoing IP therapy between the CDSS 
and physicians is 37.5–53.8%, and complete inconsistency is 4.5–17.4%. From a clinical point of view, consistency in the fre-
quency of occurrence of the indicator is more important. There were no differences in median IP settings between the CDSS 
and physicians.
CONCLUSION: The CDSS has an acceptable accuracy of glycemic predictions. The CDSS and physicians provide comparable 
recommendations regarding CSII parameters.
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СИСТЕМА ПОДДЕРЖКИ ПРИНЯТИЯ ВРАЧЕБНЫХ РЕШЕНИЙ НА ОСНОВЕ 
ИСКУССТВЕННОГО ИНТЕЛЛЕКТА ДЛЯ КОРРЕКЦИИ ПАРАМЕТРОВ ИНСУЛИНОВОЙ ПОМПЫ 
У ДЕТЕЙ С САХАРНЫМ ДИАБЕТОМ 1 ТИПА
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ОБОСНОВАНИЕ. Широкодоступные диабетологические устройства (системы мониторинга глюкозы, инсулиновая 
помпа (ИП) и т.д.) генерируют большие объемы данных, и разработка системы поддержки принятия врачебных реше-
ний (СППВР), способной автоматически оценивать и оптимизировать инсулинотерапию, является актуальной.
ЦЕЛЬ. Разработка математической модели и СППВР на ее основе для оптимизации инсулинотерапии у детей с сахар-
ным диабетом 1 типа (СД1) и оценка согласованности рекомендаций СППВР и врача по параметрам ИП: базальный 
профиль (БП), углеводный коэффициент (УК), чувствительность к инсулину (ЧИ).
МАТЕРИАЛЫ И МЕТОДЫ. Проанализированы данные о 504 детях с СД1 за 7875 дней. Данные включали глюкозу, 
инсулин, употребляемые углеводы, пол, возраст, рост, вес, длительность диабета и уровень HbA1c. Строили рекур-
рентную искусственную нейронную сеть для прогнозирования концентрации глюкозы на 30–120 минут, алгоритм 
оптимизации настроек ИП, использующий результаты моделирования. Далее разрабатывался программный про-
дукт — СППВР.
Для оценки согласованности рекомендаций СППВР и врачей использованы ретроспективные данные 40 дистанци-
онных телемедицинских консультаций 40 пациентов с СД1 (медиана возраста 11,6 года [7; 15]) и проанализировано 
960 точек возможных корректировок. Введены три степени согласия: полная согласованность, частичная согласован-
ность, полная несогласованность. Анализировалась также величина корректировок.
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BACKGROUND

Insulin therapy is the main component of treatment for 
type 1 diabetes mellitus (T1D). The main insulin administra-
tion regimen is an intensified regimen (basal-bolus), and one 
of the methods is continuous subcutaneous insulin infusion 
(SCII) using insulin pumps (IP). Glucose self-monitoring is 
carried out using glucometers (blood glucose self-monitor-
ing, BGSM), continuous glucose monitoring (CGM) or flash 
glucose monitoring (FGM). Intensified insulin therapy helps 
to reduce risk of diabetes-related complications [1, 2], with 
the combination of IP with CGM/FGM being the most effec-
tive.

Despite the increasing availability of IPs and the emer-
gence of highly accurate and affordable CGM and FGM, only 
about 21% of all children, 16% of adolescents [3], and 35% 
of adults [4] with T1D achieve glycemic control compensa-
tion (target glycated hemoglobin (HbA1c) <7%). This is due 
to a large number of reasons, one of which is the need for 
regular monthly adjustments to insulin dosages. The wide-
spread use of electronic devices for diabetes management 
(SCII, CGM, FGM) leads to the accumulation of a large array 
of electronic data, the analysis of which can be difficult. 
Previous studies have shown the effectiveness of regular 
and frequent insulin dose adjustments in improving gly-
cemic control [5, 6]. Despite more than 30 years of experi-
ence with an intensified insulin therapy regimen, there are 
no consensus guidelines for doctors and recommendations 
for patients on ways to optimize insulin therapy parameters 
[7, 8]. Because of the absence of consensus, healthcare pro-
fessionals are subjective in adjusting doses, mainly relying 
on their individual experience and therefore the doses vary 
widely. These problems make it relevant to develop an algo-
rithm for adjusting insulin pump settings and assess the de-
gree of agreement between recommendations provided by 
the pump and doctors’ expert opinions. A possible approach 
to the development of such an algorithm and a clinical de-
cision support system (CDSS) based on it may use artificial 
intelligence (AI) technologies, including machine learning. 
AI can expand the possibilities of full-fledged, personalized 
and intellectual management of diabetes.

There is currently limited research available on the use 
of machine learning in the adjustment of insulin therapy 
in T1D patients [9, 10]. Nimri R. et al. [9] evaluated the clin-
ical performance of an automated Advisor Pro algorithm 
(DreaMed Diabetes Ltd, Petah Tikva, Israel) in a multicenter 
randomized trial. The limitations of this study are age of pa-
tients and the degree of underlying disease compensation 
at baseline – the age was 15.6 ± 3.0 years, HbA1c 8.4 ± 0.8%. 
In this age group, hormonal shifts associated with growth 

and development of the body are approaching their com-
pletion in such patients, which greatly affect the course 
of T1D towards worsening; patients develop responsible at-
titude towards their disease, which leads to improved com-
pensation of T1D. Tyler N. et al. [10] assessed the agreement 
of recommendations given by the algorithm and the doc-
tors. The limitation of this study is that electronic syringe in-
sulin delivery pens featured in the publication do not have 
marketing authorization in the Russian Federation.

Thus, the development of CDSS to optimize T1D insulin 
therapy continues to be relevant.

PURPOSE OF THE STUDY

Development of a mathematical model and CDSS based 
on it to optimize insulin therapy in children with T1D and as-
sessment of the agreement of recommendations provided 
by CDSS and doctor on the parameters of insulin pump (IP) 
therapy: BP, basal profile; CF, carbohydrate factor, ISF, insulin 
sensitivity factor.

MATERIALS AND METHODS

Two studies were conducted sequentially.
I.	 Development of a mathematical model for glucose 

profile prediction
Study site and time – Pediatric Diabetes Mellitus 

Department, Endocrinology Research Centre, data were col-
lected from January 2015 to June 2022.

Study population – children with T1D. 
Inclusion criteria

1.	 Children of both sexes.
2.	 Age from 1 year to 18 years.
3.	 T1D (E10 according to ICD-10).
4.	 Disease duration – 1 year or more.
5.	 Insulin therapy using CSII during 3 months or more.
6.	 Glucose monitoring using CGM/FGM during months or 

more.
Exclusion criteria

1.	 Clinically significant acute diseases of the cardiovascular, 
nervous, genitourinary systems, or gastrointestinal tract; 
blood diseases.

2.	 Insulin therapy by multiple insulin injections for more 
than 14 days in the last month.

3.	 Systemic therapy with glucocorticoids.
4.	 Clinical diagnosis of diabetic retinopathy or maculopa-

thy.
5.	 History of emotional, behavioral, or other disorders that 

may interfere with diabetes control and participation 
in the study.

РЕЗУЛЬТАТЫ. Точность прогнозирования концентрации глюкозы была лучше, чем у моделей, известных из литерату-
ры. Оценка согласованности для БП, УК и ЧИ по индексу Каппа показала незначительное и слабое согласие. Частота 
полной согласованности рекомендаций по корректировке проводимой помповой инсулинотерапии СППВР и врачей 
составляет 37,5–53,8%, а полной несогласованности — 4,5–17,4%. С клинической точки зрения более важна согласо-
ванность по частоте встречаемости показателя. Не обнаружено различий в медианных настройках ИП между СППВР 
и врачами. 
ЗАКЛЮЧЕНИЕ. СППВР имеет приемлемую точность прогнозирования концентрации глюкозы. СППВР и врачи предо-
ставляют сопоставимые рекомендации относительно параметров ИП.

КЛЮЧЕВЫЕ СЛОВА: сахарный диабет 1 типа; дети; искусственный интеллект; помповая инсулинотерапия; система поддержки 
принятия врачебных решений. 
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Method of sample formation from the studied popu-
lation – continuous.

Study design – prospective.

Materials
The following patient data were analyzed: sex, age 

(years), body weight (kg), height (cm), duration of diabetes 
(years), HbA1c (%), data obtained from electronic devices 
Medtronic Paradigm MMT-715, Paradigm Real Time MMT-
722, Paradigm VEO MMT-754, MiniMed 640G (start date 
of analysis period, end date of analysis period, IP settings 
(administered basal and bolus insulin, carbohydrates con-
sumed, blood glucose), glucose monitoring data (glucose 
profile)).

The data obtained from the IPs manufactured by 
Medtronic did not contain information on the pump set-
tings at the time of data transfer, therefore, the daily values 
of BP, CR, and ISF averaged over 3 hours for the selected pe-
riod of time were calculated.

Methods
Considering the possibility of errors in the CGM/FGM 

data, these data were pre-processed:
1.	 removal of outliers – if the rate of change in glucose level 

exceeded 0.7 mmol/l per minute, then the current and 
neighboring (20 minutes) measurements were replaced 
with values calculated by linear interpolation;

2.	 smoothing – averaging of measurements by the moving 
average method with a period of 20 minutes (4 measure-
ments).
Patients were randomized into two groups: 80% of pa-

tients included in the training set (n=403), 20% in the test 
set (n=101). When developing the pilot version of the mod-
el, the data of each patient of the training set were, in turn, 
divided into two parts – the first 80% of records of each 
patient were assigned to the training set, subsequent 20% 
of records were assigned to the test set.

To develop a mathematical model for predicting glucose 
levels, the method of building a recurrent artificial neural 
network (ANN) was used. The development tools used were 
the high-level language Python 3 and the open-source ma-
chine learning environment PyTorch [12]. Final recommen-
dations of IP parameters are provided in intervals of 3 hours. 
Bolus and basal dosages are adjusted independently. The in-
terval is assessed as basal if the bolus is not administered 
within three hours.

The prediction accuracy of the model on test data was 
estimated by root mean squared error (RMSE) and mean ab-
solute error (MAE).

For the software implementation of the model and the IP 
setting optimizer based on it, the Python 3.9 programming 
language and the Dash Open Source 2.4.1 open library were 
used.
II.	 Evaluation of the agreement of recommendations 

provided by CDSS with doctors’ expert opinions
Study site and time – Pediatric Diabetes Mellitus 
Department, Endocrinology Research Centre, data was col-
lected from August – December 2022.
Study population – same population as above. 
Method of sample formation from the studied popula-
tion – continuous.
Study design – cross-sectional.

Materials
Analyzed data included data from insulin pumps, CGM/

FGM data, personalized patient metadata, and data on 
the adjustment of insulin therapy by doctors of the Pediatric 
Diabetes Mellitus Department, Endocrinology Research 
Centre, at remote telemedicine consultations based on doc-
uments in deferred mode for the last 28 days at the time 
of consultation. The IP parameters were corrected based on 
the last day and included 24 hourly settings of three IP pa-
rameters: BP, CF and ISF (72 settings in total).

Remote consultations were carried out by six high-
ly qualified pediatric endocrinologists of the Pediatric 
Diabetes Mellitus Department, Endocrinology Research 
Centre. The glucose profile and IP settings (without prior 
adjustments by doctor) for each patient were fed to CDSS 
input, and 24 hourly settings for the same three parameters 
were obtained at the output.

Methods
The consistency of the hourly IP settings between 

the recommendations provided by CDSS and doctor was 
assessed in relation to 24 values of three parameters (BP, CR, 
ISF), which means 72 data points for each of the patients.

Consistency was assessed in two aspects:
1)	 direction of adjustment;
2)	 adjustment value.

Consistency of adjustments by direction was assessed 
using quadratic weighted kappa index (https://www.med-
calc.org/calc/kappa.php) and by assessing the consistency 
of the directions of adjustments between CDSS and doctor 
as follows:
•	 complete consistency when the directions of adjust-

ments from baseline values made by the doctor and 
CDSS matched, e.g. both decided to increase the param-
eter;

•	 partial consistency, where one decided to change the pa-
rameter and the other to keep it the same. For example, 
the doctor decided to increase the parameter, while 
CDSS decided to leave it unchanged;

•	 complete disagreement when the directions of adjust-
ments from baseline values made by the doctor and 
CDSS were opposite. For example, the doctor decided 
to increase the parameter, while CDSS decided to reduce 
this parameter.
Consistency of adjustments by magnitude was assessed 

using:
•	 mean hourly values of IP parameters (regardless of con-

sistency in the direction of adjustment) were estimated 
as the average value of the recommendations provided 
by CDSS or doctors’ recommendations over 24 hours for 
BP, CR, and ISF according to the formula:

M =
Val1+ Val2+ Val3+…+ Val24

24

where M – mean hourly value of IP parameter,
Vali – value of IP parameter for the corresponding hour of 
adjustment;
•	 difference between the values recommended by CDSS 

and doctors’ recommendations (with direction of adjust-
ment being in agreement), which was assessed using 
the mean absolute relative difference (MARD, %):

doi: https://doi.org/10.14341/DM13167Сахарный диабет. 2024;27(3):242-253 Diabetes Mellitus. 2024;27(3):242-253
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MARD =
1

* ∑ |RCDSS – Rdoct|
* 100%

n Rdoct

where Rdoct – doctor’s recommendation,
RCDSS – recommendation by CDSS,
n – number of periods.

Difference of up to 10% is considered clinically accept-
able [11].
•	 number of intervals for adjustment of IP parameters 

(BP, CR, ISF) provided by CDSS and doctor (regardless 
of agreement in terms of direction).

Statistical analysis
Data analysis was performed in Statistica v.13 (TIBCO 

Inc., USA), MS Excel 2019 (Microsoft, USA), Python 3.10.2 
using open-source libraries: statsmodels 0.13.2, and SciPy 
1.9.1. Distributions of quantitative variables were described 
using median (Me) and lower and upper quartiles [Q1; Q3]. 
The difference between quantitative features in dependent 
samples was evaluated using the Wilcoxon test (W-test), for 
independent samples the Mann-Whitney test (U-test) was 
used. Descriptive statistics of qualitative data are present-
ed as absolute (n) and relative (%) frequencies. The confi-
dence interval (CI) for the fractions was calculated using 
the Agresti-Coull method, for medians the bootstrap meth-
od was used. The quadratically weighted Kappa index and 
its 95% CI (https://www.medcalc.org/calc/kappa.php) were 
calculated to assess the agreement between IP adjustments. 
The significance level (P0) was set at 0.05. In the case of mul-
tiple hypothesis testing, Bonferroni correction was applied.

Ethical review
The local ethics committee of the National Medical 

Endocrinology Research Centre in accordance with Minutes 
No. 17 of the committee meeting dated 28.10.2020 decided 
that the planned scientific activities meet the ethical stand-
ards of good clinical practice and can be allowed for real-
ization at the site of the Pediatric Endocrinology Institute, 
Endocrinology Research Centre. Legal representatives of pa-
tients gave informed consent to anonymous use of clinical 
data.

RESULTS

I.	 Development of a mathematical model for glucose 
profile prediction

The pilot version of the model (INS  v.1) and the IP set-
ting optimizer based on it were developed using the data 
of 167 patients (44,376 patient-hours) [12]. Further, we con-
tinued to collect IP and CGM/FGM data; a total of 189,000 
patient-hours (7,875 days) of data were obtained from 504 
pediatric patients with T1D. Clinical and laboratory charac-
teristics of patients are presented in Table 1.

The patient sample is representative – median age and 
HbA1c in studies [12, 13, 14] are within the 95% CI of the me-
dians of these characteristics of our population (Table 2).

After receiving additional data and their similar preproc-
essing, the next (final) version of the model (INS  v.2) was 
developed, and the IP setting optimizer was also updated. 
The prediction of the glucose profile provided by the pilot 
and final versions of the model at time horizons of 30, 60, 
90 and 120 minutes was evaluated (Table 3). The accuracy 
of glucose profile prediction provided by the final version 
of the model is arithmetically better according to the MAE 
criterion than those provided by the pilot version and for-
eign analogues.

The mathematical model INS v.2 and the optimizer of in-
sulin dosages were implemented as a computer software – 
CDSS for optimization of IP parameters. The web application 
is located on the Internet (currently not freely available). 
Examples of interfaces are shown in Figures 1, 2.
II.	 Evaluation of agreement between recommendations 

provided by CDSS and expert opinions of doctors
The study included 40 patients, their clinical and labora-

tory characteristics are presented in Table 4. The total num-
ber of analysis points was 2880 for 40 patients, 960 points 
each for BP, CR and ISF.

The patient sample is representative – the medians of age 
and HbA1c in other studies (Table 2) are within the 95% CI 
of the medians of the same characteristics in our sample 
(Table 2).

Assessment of agreement in BP, CR, and ISF adjustments 
(Table 5) by kappa index (quadratically weighted) showed 
a weak degree of agreement. When assessing the degrees 
of agreement, it was found that the complete agreement 
of the directions of adjustments of the IP parameters is 
in the range of 37.5-53.8%, the complete disagreement 
is 4.5-17.4% (Table 6, Fig. 1). From a clinical point of view, 
the degree of agreement is more important, and from 
the comparison of CI it follows that:

	– complete disagreement of adjustment directions is sta-
tistically significantly less common than complete or par-
tial agreement;

doi: https://doi.org/10.14341/DM13167Сахарный диабет. 2024;27(3):242-253 Diabetes Mellitus. 2024;27(3):242-253

Table 1. Clinical and laboratory characteristics of 504 patients whose data were used in the development of the final version of the mathematical model 
(INS v.2)

Characteristic Me [Q1; Q3]

Age, years 11.1 [7.8; 14]. 95% CI for Me (10.6-11.4)

Height, cm 146.2 [129; 161.1]

Weight, kg 37 [25.4; 54.5]

Duration of T1D, years 3.1 [1.6; 6]

TDD, U/kg/day 0.9 [0.7; 1]

TDD, U/day 31.9 [18.4; 49]

HbA1c, % 7.5 [6.7; 8.3]. 95% CI for Me (7.4; 8.0)

Note: HbA1c – glycated hemoglobin, T1D – type 1 diabetes mellitus, TDD – total daily dose of insulin, CI – confidence interval.

https://www.medcalc.org/calc/kappa.php
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	– for BP and CR, the frequencies of complete and partial 
agreement do not differ;

	– for ISF, complete agreement is more common than par-
tial agreement.
It can be seen from Table 7 that CDSS tends to adjust BP 

(decrease or increase) rather than left it unchanged; vice ver-
sa, the doctors more often left BP unchanged. Both CDSS and 
doctors more often changed BP parameters by decreasing 
than increasing them. CDSS increased CR more often than de-
creased it; the frequences of increases and decreases of CR by 
doctors are nearly equal. Concerning ISF, both CDSS and doc-
tors left it unchanged in most cases, but if a change was made, 
CDSS more often decreased ISF, while doctors increased it.

Next, the agreement of adjustments by their magnitude 
was evaluated. Table 8 shows that there are no statistical-
ly significant differences in the median hourly parameters 

of ISF between CDSS and doctors. There are also no statis-
tically significant differences between the CDSS recom-
mendations and medical opinions when compared with 
the baseline ISF settings.

Table 9 provides descriptive statistics and CI for MARD. 
Discrepancies of up to 10% in the recommendations by 
CDSS and doctor are clinically insignificant, therefore, we 
consider that the agreement between recommendations 
by CDSS and doctor for adjustment of CR and ISF according 
to the MARD criterion is satisfactory. For BP, MARD exceeded 
10% in 14% of cases (55 of 390 cases), 95% CI (11%; 18%)

CDSS tended to increase the number of intervals for 
adjusting CR in comparison with the baseline settings and 
doctors’ recommendations (Table 10). For BP and ISF, no sta-
tistically significant differences were found between the rec-
ommendations by CDSS and doctors.

doi: https://doi.org/10.14341/DM13167Сахарный диабет. 2024;27(3):242-253 Diabetes Mellitus. 2024;27(3):242-253

Table 3. Accuracy of glucose concentration prediction by different models [15] and INS v.2 at time horizons of 30, 60, 90 and 120 minutes

Test data of patient  
from training set

Test data of patient  
from test set

Prediction horizon (min)

30 60 90 120 30 60 90 120

ZOH
[16]

RMSE 1.62 2.43 2.85 3.6 1.49 2.30 2.76 3.02

MAE 1.17 1.78 2.12 2.32 1.08 1.70 2.07 2.29 

ARIX
[16]

RMSE 2.15 2.49 2.63 2.75 
–

MAE 1.50 1.73 1.88 2.13

LGBM
[17]

RMSE 1.36 2.04 2.34 2.50 1.22 1.96 2.32 2.49

MAE 0.95 1.49 1.75 1.91 0.87 1.43 1.74 1.91 

INS v.1
RMSE 1.31 1.95 2.25 2.40 1.21 1,90 2,26 2,44 

MAE 0.93 1.43 1.70 1.85 0.86 1,41 1,72 1,89 

INS v.2 MAE – 0.80 1.30 1.50 1.70

Note: ZOH – simple basic model that outputs the current glucose value as a prediction for each prediction horizon, ARIX – autoregressive  model 
integrated with extra input, the model is selected for each patient separately, LGBM – implementation of gradient boosting model, ANN – artificial neural 
network, RMSE – root mean square error, MAE – mean absolute error.

Table 4. Clinical and laboratory characteristics of 40 patients included in the study to assess the agreement between recommendations provided by CDSS 
and expert opinions of doctors

Characteristics Me [Q1; Q3]

Age, years 11.6 [7; 15]. 95% CI for Me (10.0; 12.6)

Height, cm 155.5 [126; 166]

Weight, kg 46.5 [26; 57]

Duration of T1D, years 3.3 [2; 6.7]

TDD, U/kg/day 0.8 [0.6; 0.9]

TDD, U/day 35.3 [20.8; 54.7]

HbA1c, % 7.6 [6.9; 8.2]. 95% CI for Me (7.4; 8.0)

Note: HbA1c – glycated hemoglobin, T1D – type 1 diabetes mellitus, TDD – total daily dose of insulin, CI – confidence interval.

Table 2. Patient characteristics in earlier studies

Clinical trial Age, years HbA1c, %

E.M. Romanenkova et al., n=703 [12] 11.3 [7.3; 14.6] 7.4% [6.5; 8.6]

Laptev DN, et al., n=469 [13] 11.3 [8.4; 14.6] 7.4% [6.6; 8.4]

Laptev DN, et al., n=228 [14] 11.2 [8.6; 14.7] 7.6% [6.8; 8.9]

Note: Data are presented as median and interquartile range: Me [Q1; Q3].



	 Сахарный диабет /  Diabetes  Mel l i tus  |  247ORIGINAL STUDY

DISCUSSION

I.	 Development of a mathematical model for glucose 
profile prediction

Sample representativeness
The sample is representative relative to the target popu-

lation of children with T1D in terms of age and degree of car-
bohydrate metabolism compensation (Tables 1–2).

Comparison with other publications
Glucose profile prediction is an important component 

of CDSS. According to Oviedo S, et al.[18], glucose predic-
tion models can be divided into 3 groups: physiological 
models use mathematical formulas describing food ab-
sorption and insulin action (Dall Man model [19], Hovorka 
model [20]); data-driven models use machine learning 
methods (on an electronic data array); hybrid models use 
machine learning methods supplemented by physiological 

Figure 1. CDSS interface to optimize IP parameters in children with T1D prior to data optimization.
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Table 5. Agreement of CDSS and doctors’ recommendations for adjustment of BP, CR and IP in 40 patients (960 points of adjustment for each parameter)

Doctor

Decrease No change Increase

CDSS

BP: Kappa index (quadratically weighted): 0.17. 95% CI (0.11; 0.23)

Decrease 193 170 63

No change 38 128 56

Increase 81 162 69

CDSS

CR: Kappa index (quadratically weighted): 0.16. 95% CI (0.10; 0.22)

Decrease 8 86 33

No change 115 315 33

Increase 24 222 124

CDSS

ISF: Kappa index (quadratically weighted): 0.03. 95% CI (-0.04; 0.09)

Decrease 35 123 44

No change 49 417 167

Increase 26 65 34

Note. CDSS – clinical decision support system, CI – confidence interval, BP – basal profile, CR – carbohydrate ratio, ISF – insulin sensitivity factor.
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models. The mathematical model we developed for pre-
dicting glucose levels belongs to the group of data-driven 
models, since only input and output data (electronic data 
from IP and CGM, patient metadata) were used in ANN train-
ing, between which patterns were revealed. Assessment 
of the effectiveness of our final model with other models 
from the group of data-driven models [16, 17] showed 
a decrease in the glucose profile prediction error by about 
one and a half times.
II.	 Evaluation of the agreement between recommenda-

tions of CDSS and expert opinion of doctors 
III.	Sample representativeness

IV.	 The sample is representative relative to the target 
population of children with T1D in terms of age and 
degree of carbohydrate metabolism compensation 
(Tables 2–4). 

Comparison with other publications
To assess the possibility of clinical use of CDSS, we 

evaluated the agreement between recommendations 
of CDSS and doctors when adjusting IP settings, supple-
mented with CGM/FGM, in children with T1D. The rate 
of complete agreement across all three IP parameters 
(BP, CR, ISF) was in the range of 37.5–53.8% and partial 
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Table 7. Frequencies of IP parameter adjustment directions by CDSS and doctors (relative to baseline values) in a sample of 40 patients (960 adjustments 
of each parameter)

Correction direction CDSS, %
(n=960)

Doctor, %
(n=960)

BP, no change 23.1 (20.4; 25.8) 47.9 (44.7; 51.1)

BP, increase 32.5 (29.5; 35.5) 19.6 (17.1; 22.1)

BP, decrease 44.4 (41.3; 47.5) 32.5 (29.5; 35.5)

CR, no change 48.2 (45.0; 51.4) 64.9 (61.9; 67.9)

CR, increase 38.5 (35.4; 41.6) 19.8 (17.3; 22.3)

CR, decrease 13.2 (11.1; 15.3) 15.3 (13.0; 17.6)

ISF, no change 65.9 (62.9; 68.9) 63.0 (60.0; 66.1)

ISF, increase 13.0 (10.9; 15.1) 25.5 (22.7; 28.3)

ISF, decrease 21.0 (18.4; 23.6) 11.5 (9.5; 13.5)

Note. Results are presented as relative frequency and 95% CI. CDSS – clinical decision support system; BP – basal profile, CR – carbohydrate ratio, ISF – insulin 
sensitivity factor.

Table 6. Frequency of agreement in the direction of adjustment between CDSS recommendations and physician opinion (relative to baseline values) in IP 
parameter adjustment for 40 subjects (960 treatment points for each parameter)

BP, %
(n=960)

CR, %
(n=960)

ISF, %
(n=960)

Complete agreement 40.6
(37.5; 43.8)

46.6
(43.4; 49.8)

50.6
(47.4; 53.8)

Partial agreement 44.4
(41.2; 47.6)

47.5
(44.3; 50.7)

42.1
(38.9; 45.3)

Complete disagreement 15.0
(12.8; 17.4)

5.9
(4.5; 7.6)

7.3
(5.7; 9.1)

Note. Results are presented as frequency and 95% CI. BP – basal profile, CR – carbohydrate ratio, ISF – insulin sensitivity factor.

Table 8. Hourly mean ISF before consultation and recommended by CDSS and doctors in a sample including 40 patients

Baseline
(n=40)

CDSS
(n=40) Doctor (n=40)

P, U-test

Baseline –
CDSS

Baseline – 
doctor

CDSS –  
doctor

BP, U/h 0.6 
[0.3; 1.2]

0.7
[0.3; 1.2]

0.7
[0.3; 1.2] 0.875 0.935 0.943

CR, U/BU 1.1
[0.8; 1.4]

1.2
[0.8; 1.4]

1.2
[0.8; 1.6] 0.543 0.720 0.785

ISF, mmol/L 4.6
[3.0; 8.8]

4.4
[3.0; 8.8]

4.4
[3.0; 6.8] 0.912 0.609 0.720

Note. Results are presented as median and interquartile range: Me [Q1; Q3]. CDSS – clinical decision support system, BP – basal profile, CR – carbohydrate 
ratio, ISF – insulin sensitivity factor; BU – bread unit.
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Figure 2. Interface of CDSS for optimization of IP parameters for children with T1D after data optimization.
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agreement was 38.9–50.7%, which is clinically satisfacto-
ry and consistent with previous studies [21].

With complete agreement on the direction of adjust-
ment, more pronounced differences between doctors and 
CDSS in the magnitude of adjustment (according to MARD) 
were found for BP rather than for CF and ISF. Disagreements 
up to 10% are considered clinically insignificant [11], there-
fore we consider the agreement between the recommenda-
tions by CDSS and doctors to be satisfactory in terms of ad-
justment magnitude.

Compared to doctors, CDSS increases the number 
of intervals for CR adjustment. Previous studies have shown 
that the need for insulin during the day is different, and 
this depends mainly on the age and stage of puberty [22]. 
Euglycaemic clamp study showed that it takes 2.5 to 4 hours 
until a significant change in basal infusion leads to a new 
stable level [23], so up to 10 intervals are effective with ex-
isting insulin analogues. CDSS has a limited number of inter-
vals for all IP parameters – a maximum of 8.

CDSS tended to recommend increases in CRs and de-
creases in BP; thus, more insulin can be administered as 
boluses and less as basal doses. The conclusion that more 
insulin should be administered as boluses than basal dos-
es was observed in studies with pump [24] and closed loop 
[25], and was found to be associated with better glycemic 
control and HbA1c levels.

In a study by Nimri R. et al. [21] agreement was assessed 
between doctors (26 specialists from 16 countries) and be-
tween doctors and the automated algorithm Advisor Pro 
(DreaMed Diabetes Ltd, Petah Tikva, Israel) in IP adjustment 
in 15 patients with T1D (mean age 16.2 years ± 4.3, of which 
4 patients were over 20 years old, mean HbA1c 8.3% ± 0.9). 
Complete agreement between doctors, as well as between 
doctors and the algorithm on the direction of adjustment on 
all three IP parameters was the same ~ 45% (mean). It was 
found that the level of complete disagreement in the direc-

tion of adjustment was slightly higher for BP than for CF and 
ISF. This was also found in our study.

Distinctive features of our study as compared 
to the Advisor Pro study are the age range and the degree 
of compensation of carbohydrate metabolism. In the latter 
study, the majority of patients were from older age groups 
than in our study. This was associated with a stable course 
of T1D in patients of a foreign study due to the comple-
tion of sexual development (absence of sudden hormo-
nal changes associated with the growth and development 
of the body), general stabilization of the lifestyle (the lifestyle 
of adults is more regular), these patients also develop re-
sponsibility and greater independence in T1D management. 
Our study included patients of all age groups, with all fea-
tures of the course of T1D in each period of body formation. 
In a foreign study, carbohydrate metabolism compensation 
was worse than in our study. For patients with high HbA1c 
levels compensation more often focuses on insulin therapy 
adjustment, while in case of medium HbA1c levels the focus 
is more often on other issues. The results of the agreement 
of recommendations for the adjustment of insulin pump 
therapy between the doctor and the software in our and for-
eign studies are in good agreement. If our study was fully 
corresponding in the age range and the degree of compen-
sation for carbohydrate metabolism to this foreign study, 
the degree of agreement between the recommendations 
of our software and medical opinions could be higher.

A study conducted in the Netherlands assessed factors 
that influenced the decision of 190 healthcare professionals 
to titrate basal insulin for T2D patients. I was found that even 
in T2D for which guidelines and official recommendations exist, 
and adjustment is simpler because only basal insulin is adjust-
ed, the magnitude of insulin titration was found to be signifi-
cantly different between specialists [26]. Thus, among doctors, 
even when treatment guidelines are available, there is a signif-
icant disagreement in approaches to treatment adjustment, 
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Table 9. Difference of the adjustments by CDSS in relation to the adjustments by doctors (MARD), with direction of adjustment being in complete 
agreement

BP 
(n=390)

CR 
(n=447)

ISF 
(n=486)

MARD, % 2.3 (1.0; 5.4) 0 (0; 1.7) 0 (0; 0)

Note: Results are presented as median and 95% CI. MARD – mean absolute relative difference; BP – basal profile, CR – carbohydrate ratio, ISF – insulin sen-
sitivity factor.

Table 10. Number of recommended IP settings adjustment intervals per day before consultation and recommended by CDSS and doctors in a sample of 
40 patients

Baseline CDSS Doctor
P, U-test

Baseline- 
CDSS

Baseline-
Doctor

CDSS- 
Doctor

BP (N) 6 [4; 7] 7 [5; 7] 5 [4; 6] 0.143 0.187 0.013

CR (N) 4 [3; 5] 5 [4; 6] 4 [3; 5] 0.003 0.943 0.004

ISF (N) 1.5 [1; 3] 1 [1; 3] 1 [1; 3] 0.928 0.482 0.563

Note: Data are presented as median and interquartile range: Me [Q1; Q3]. Bonferroni correction: P0=0.05/9≈0.0055. CDSS – clinical decision support system; 
BP – basal profile; CR – carbohydrate ratio; ISF – insulin sensitivity factor.
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which is probably due to different experience and motivation 
to achieve certain target parameters, as well as other subjective 
reasons. Therefore, comparing the agreement between CDSS 
and expert opinion of doctors can also show significant disa-
greement, which was demonstrated in our study.

Clinical relevance of results
The use of CDSS in clinical practice can help in regular 

and frequent observation of children with T1D, standardize 
the approach to the adjustment of IP parameters, supple-
mented with CGM/FGM. This will allow more efficient allo-
cation of health care resources, personalized treatment and 
patient management.

Study limitations
Potential limitations of the use of CDSS are the need 

to use electronic devices for diabetes management (IP, CGM/
FGM) of certain manufacturers (Medtronic, FreeStyle Libre), 
the minimum amount of data for analysis, possible data loss, 
and the need for manual data loading.

Further research areas
It seems promising to continue collecting data and us-

ing them to develop new versions of the model. In order 
to more accurately predict the glucose profile, it seems ad-
visable to use such model predictors as data from approved 
electronic devices reflecting the influence of external factors 
on glucose patterns, for example, a pulse oximeter, a phys-
ical activity tracker, etc. Data collection could be simplified 
by using a cloud storage for automatic data download from 
devices in real time.

CONCLUSION

On a large sample of patients, a software product, 
CDSS, was developed to predict the glucose profile and 

adjust the parameters of insulin pump therapy supple-
mented with CGM/FGM. In terms of prediction accura-
cy, the developed model surpasses foreign analogues. 
The agreement between the recommendations provid-
ed by CDSS and the expert opinions of doctors is accept-
able.
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Figure 3. Frequency (%) of agreement in the direction of adjustment of IP parameters between physician doctor and CDSS (relative to baseline values) 
(relative frequencies and 95% CI). Estimated at 960 tuning points for each parameter. 

BP – basal profile, CR – carbohydrate ratio, ISF – insulin sensitivity factor.
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