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Abstract

Type 1 diabetes mellitus (T1DM) in children and adolescents remains one of the urgent problems of pediatric endocrinology. There is a constant increase in disease 
rates, both worldwide and Russia. The occurrence of pathology in childhood leads to a decrease in the quality of life of patients and their parents, the early development 
of chronic complications and disability, which makes type 1 diabetes a social problem in  society. Despite numerous scientifi c works devoted to the study of the factors 
of manifestation of the disease, the causes of the occurrence are still unclear and ambiguous. 

The purpose of the study: is to identify and study possible clinical and laboratory features of the onset of type 1 diabetes in children and adolescents permanently 
residing in the territory of closed administrative-territorial entities (ZATO). 

Materials and methods: a continuous cohort retrospective study of children with type 1 DM was conducted for the period from 2009-2019, permanently residing in 
the ZATO territory to  obtain data related to the period of manifestation of the disease. The study group included 55 children from 0 - 18 years of age suffering from type 
1 diabetes. 

Results: Data on the anamnesis of life and disease, and indicators of clinical and laboratory studies (fasting glycemia, postprandial glycemia, average daily glycemia, 
average amplitude of glycemia fl uctuations and glycated hemoglobin) at the time of disease manifestation are presented. A comparative analysis was carried out with the 
indicators of the Krasnoyarsk Territory, Russia, the obtained features were described.
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Introduction

The urgency of the problem of type 1 diabetes mellitus 
(DM1t) in children and adolescents is determined by several  
circumstances [1,2], among which the most important should 
be considered a progressive increase in the number of patients, 
as well as the threat of early disability and a decrease in 
life expectancy due to the development of severe vascular 
complications. 

The study of the causes and features of diabetes mellitus is 
of great medical and social importance because understanding 
the processes of disease development, as well as the course 
and management is an important problem of pediatrics. And 
an integrated approach to assessing the risks of development 
and the peculiarities of the course will lead to the correct 
management tactics, and the development of management 
tools and delay the development of complications. 

The work carried out to study the features [3] of the 
manifestation of type 1 diabetes among children and adolescents 
were  carried out for the fi rst time in a closed administrative-
territorial entity (ZATO) on the territory of the Krasnoyarsk 
Territory. 

Purpose of the study

 To identify the features of the onset of type 1 diabetes 
among children and adolescents living on the territory of ZATO, 
having studied the following signs of manifestation: anamnesis 
features, gender composition and age of patients, the season 
of the fi rst symptoms, as well as clinical manifestations and 
indicators of carbohydrate metabolism during the initial visit 
to the endocrinologist. 

Materials and methods

 This study was conducted based on  the FSBI KB No. 51 of 
the FMBA of Russia, a branch of the FSBI FSNCC of the FMBA 
of Russia KB No. 42. 

The paper presents solid data from a cohort retrospective 
study of children with type 1 diabetes diagnosed in the last ten 
years (the period from 2009 to 2019). The observation group 
consisted of 55 children aged 0 to 18 years suffering from DM1t 
and permanently residing on the territory ZATO. In conducting 
this study, the material was anamnesis data collected following  
the protocol of this study, information from the regional 
register of diabetes mellitus, analysis of medical histories 
(form No. 003/y) and outpatient records (form 025 /y-0) of 
children with newly diagnosed type 1 diabetes. The study was 
performed following  a unifi ed protocol [4,5] that includes 
the necessary information about each child (passport data, 
anamnesis of life and disease, complaints, results of clinical and 
laboratory studies (including fasting glycemia, postprandial 
glycemia, average daily glycemia, the average amplitude of 
glycemic fl uctuations, glycated hemoglobin) at the initial 
visit to an endocrinologist. Fasting glucose was taken as a 
diagnostic criterion (over 6.7 mmol / l on an empty stomach, 
or more than 11.1 mmol / l during a standard glucose tolerance 

test or in the presence of classic clinical manifestations of 
diabetes) with confi rmation of the diagnosis by the level of 
glycated hemoglobin (HbA1c) exceeding 6.5% [2,5]. The level 
of glycated hemoglobin (HbA1C) was studied by a standardized 
method with reference values   accepted in the DCCT (Diabetes 
Control and Complications Trial). The analysis of all indicators 
was carried out both in the cohort as a whole and in age groups 
that are traditionally accepted for pediatric practice [6]. 

The study was approved by the Ethics Committee of the State 
Educational Institution of Higher Education of Krasnoyarsk 
State Medical University Named After Prof. Voino-Yasenetsky 
(extract from the minutes No. 7 of the meeting of the local 
ethics committee dated 06.06.2018). 

Statistical processing of the results of the study was carried 
out using the IBMSPSSSTATISTICS application software 
package. 19. The results are presented in the form of M ± sigma, 
where M is the mean value, ∑ is the standard deviation and 
the medians are Me (25th; 75th percentile ). Statistical analysis 
methods were selected after determining the compliance of 
samples with the law of normal distribution, taking into account 
the Shapiro-Wilk test. Taking into account the deviations of 
the samples from the normal distribution, nonparametric 
criteria (hikvadrat, Mann-Whitney, or Wilcoxon criterion for 
dependent groups) were used in the comparative analysis. The 
differences were considered statistically signifi cant at p < 0.05. 
The average values and the median of the obtained indicators 
are calculated. 

Results of the study

The studied group of patients included children from 0 to 18 
years old with the allocation of subgroups taking into account 
age and gender characteristics. The average age in the group 
at the time of the debut was 8.4 years, Me 9 years [97% CI 
1.45-16]. 

It is known that genetic factors are involved in the 
development of diabetes mellitus, which is  realized under the 
infl uence of various external infl uences. According to literature 
data, the hereditary risk of developing DM1t in children is 
1.1% [7,8]. In the group under consideration, indications of a 
burdened family history of insulin-dependent diabetes mellitus 
were noted in 9.1% of children. In 90.9% of cases, the disease 
was considered a sporadic form. The data obtained coincide 
with all-Russian trends, as well as with previously obtained 
data for the Krasnoyarsk Territory, according to which only 
13.1% of patients had relatives with DM1t [9] (Figure 1). 

The question of the relationship between the age of parents 
and the probability of developing type 1 diabetes is discussed. 
According to the data of this study, the average age of mothers 
at the time of the birth of children was 28.7 years, Me - 28 years 
[97% CI 18 - 38], while the analysis of the age of mothers at the 
time of the birth of the child showed an inverse relationship 
with the age of the manifestation of the disease: the older 
the age of the mother at the time of the birth of the child, the 
earlier the age manifested diabetes in a child. 
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According to the results of our observation, in 18.1 % 
of cases, one of the parents of the sick person worked at a 
city-forming enterprise (more than 5 years before the birth 
of the child), which does not exclude the indirect impact of 
anthropogenic factors on the formation of pathology and is 
consistent with the literature data on the infl uence of external 
factors (infectious, physical and/or chemical effects) capable 
of triggering epigenetic and immune-mediated mechanisms, 
which initiate the development of insulitis with the subsequent 
death of beta-cells of the pancreas [10,11]. 

An assessment of the age aspects of the disease showed 
more frequent cases of newly diagnosed episodes in the age 
groups of 5 - 9 years and 10 - 14 years, which respectively 
amounted to 41.8 % and 34.5 % of the total number of patients. 
The results obtained are comparable with the data of the 
Russian Federation and individual regions of Russia (Tver 
Region, Krasnoyarsk Territory, etc.) [9,12-15]. The belonging 
of newly ill children to these age groups of children may 
be due to pre- and pubertal features of this period in the 
child’s life. It is known that at this age the adolescent’s body 
undergoes vegetative, endocrine and immune rearrangements, 
which increases the risk of psychosocial maladaptation and 
dysregulation  disorders with the lability of homeostasis , the 
addition of functional disorders and, not infrequently, the 
formation of new pathological conditions [7,12,15] (Figures 
2,3). 

The assessment of the manifestation of diabetes in the 
considered age groups of children did not establish signifi cant 
gender differences, i.e. in the pre-and puberty periods, the 
disease developed with approximately the same frequency in  
both boys and girls. The exception was a subgroup of children 
who became ill at an early age (0 - 4 years), where girls 
predominated and boys from 10 - 14 years old. 

When clarifying the gender characteristics of diabetes in 
the remaining age subgroups, no signifi cant differences were 
found between boys and girls (Figure 4). 

Analysis of the features of the manifestation of DM1t 
taking into account the seasons of the year showed that the 
onset of the disease in most cases occurred in the spring and 
autumn periods of the year, respectively, 29,1 % and 34,5 % of 
all registered cases. The presented data do not fully coincide 
with the results of other researchers, but common to most 

publications is an indication of a lower detectability of DM cases 
in the summer [9]. According to the well-known literature 
data, the manifestation of diabetes is highly likely associated 
with seasonal peaks of acute respiratory infections in the cold 
season [9,11,12]. Many authors describe the involvement of 
viruses in the pathogenesis of DM1t (acute cytological effect of 
the pathogen on the beta cell or prolonged persistence of the 
virus, causing immuno-mediated pathological processes with 
an outcome in a decrease in insulin production) [11]. 

Assessment of causal factors possibly provoking the 
manifestation of DM1t based on an analysis that was conducted 
at the Endocrinological Research Center of the Russian 
Academy of Medical Sciences in 1999 and showed that 58.7% of 
children had a viral infection 6 months - 10 months before the 
onset of diabetes, 5.6% had stress as the most likely provoking 
factor and 22.6% of those who were ill had a cause remained 
unspecifi ed. In our study, among the factors that preceded the 
disease for several months, acute respiratory viral infections 
were registered in 18.1% of cases, and signifi cant stressful 
situations were noted in 10.9% of cases. The manifestation of 
type 1 diabetes against the background of infectious pathology 
(UTI, paraproctitis, etc.) was established in 10.9% of children 
[5]. 

Figure 1: Distribution of women by age.

Figure 2: Distribution of boys by age at the time of T1DM manifestation.

Figure 3: Distribution of girls by age at the time of T1DM manifestation.

Figure 4: Distribution of children with type 1 diabetes, taking into account the 
season of the year at the time of clinical manifestation.
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To date, the trigger factors in the realization of 
diabetes remain obscure and unexplained. It is known that 
anthropometric indicators are an integral indicator of a 
child’s somatic well-being [16]. We evaluated the physical 
development of children and adolescents at the time of diabetes 
onset. Hypothetically, it can be assumed that insulin defi ciency 
can worsen the mass-growth characteristics of sick children. 
However, physical development was below average in only 
one case, (i.e. the only child), 76.36% of children had average 
development and 21.8% of the entire observed cohort had above 
average. When assessing physical development taking into 
account BMI, it was noted that the majority of children (56.3% 
of all observations) at the time of the debut had a harmonious 
development. With the same frequency, cases with reduced and 
increased nutrition were recorded by 12.7%, respectively. In 
18.1% of patients, the manifestation of DM1t was accompanied 
by protein-energy defi ciency with a mass defi cit of more than 
10%. 

It is known that type 1 diabetes is associated with the 
autoimmune destruction of beta cells of the pancreas, which 
occurs with varying intensity and clinical symptoms and 
pronounced laboratory changes appear when about 90% of 
beta cells of the pancreas are destroyed [11]. 

At the initial stage of the disease, all children had typical 
complaints (thirst, frequent urination, weight loss) of varying 
severity. Laboratory indicators of glycemia according to the 
initial treatment with the above complaints in the general 
group: the median fasting glycemia was 11.6 mmol/l [9,1;13,5]), 
the median postprandial glycemia was 12.4 mmol/l [10.8; 14.4], 
median glycated hemoglobin 10.1% [8.9; 13.05]. The obtained 
value signifi cantly exceeds the diagnostic indicator for the 
manifestation of type 1 diabetes mellitus. 

When conducting a comparative analysis of carbohydrate 
metabolism indicators using the nonparametric Kruskal-
Wallis test, no statistically signifi cant differences were found 
by age groups (Table 1).

When conducting a pairwise intergroup comparison of 
glycemia indicators at the time of manifestation of type 1 
diabetes using the Mann-Whitney test, statistically signifi cant 
differences in the level of initial glycemia in children in the 
group of 5 - 7 years and 8 - 12 years (p = 0.023) were revealed 
with higher values   in the second age group. Group (Table 2), 
when applying the Bonferroni correction, the indicator lost its 
statistical signifi cance (p = 0.092). The work did not establish 
differences between age groups in other laboratory parameters 
of carbohydrate metabolism (fasting glycemia, postprandial 
glycemia and glycated hemoglobin), however, a trend towards 
the highest levels of glycated hemoglobin was established for 
pre-adolescent children (8 - 12 years old) and adolescence.

Of the children who underwent analysis for the 
determination of autoantibodies to pancreatic islet cells, a 
negative result, which casts doubt on autoimmune type 1 
diabetes, was obtained only in 3.44% (2 children) of cases, 
which allows discussing idiopathic type 1 diabetes.

Discussion

The results of the performed study do not confi rm the 
anamnestic and clinical and laboratory features of the onset 
of insulin-dependent diabetes mellitus in children and 
adolescents living in the ZATO. Indications of aggravated 
heredity for type 1 diabetes mellitus, seasonality of 
manifestation, gender and age of manifestation of the disease 
do not have signifi cant differences in comparison with the 
all-Russian data and indicators for the Krasnoyarsk Territory. 
In most children, the cause of the development of the disease 
should be considered autoimmune insulitis, which determined 
the classical manifestation of the disease with typical clinical 
and laboratory manifestations of the disease (idiopathic type 1 
diabetes was diagnosed in 3.4% of cases).

Carbohydrate metabolism disorders at the time of the onset 
of the disease correspond to the generally accepted criteria for 
insulin-dependent diabetes mellitus, we can talk about a trend 
towards higher rates of initial glycemia in the age group of 5 
- 7 years and glycated hemoglobin in the pre-adolescent and 
adolescent groups.

Conclusion

The work carried out made it possible to provide data 
from a cohort retrospective study, including 55 patients with 
T1DM aged 0 - 18 years. Compare with the indicators of other 
regions, including the Krasnoyarsk Territory, where ZATO 
Zheleznogorsk is located and exclude the peculiarities of the 
course of the manifestation period in children and adolescents 
with type 1 diabetes and permanently residing on the territory 
of ZATO.

Table 1: Laboratory indicators of carbohydrate metabolism in children of different 
age groups with the manifestation of type 1 diabetes (Me [P25; P75]).

Parameter
0-4 of the 

year
n = 11

5-7 years
n = 10

8-12 years
n = 25

13-18 years
n = 9 р

Initial glycemia, 
mmol/l

17,7
[11,0; 26,1]

24,4
[17,6; 28,6]

15,6
[13,7; 20,8]

18,0
[12,7; 28,4] 0,205

Fasting glycemia, 
mmol/l

11,8
[9,2; 12,9]

10,3
[8,3; 14,6]

11,4
[8,2; 14,4]

11,9
[9,6; 14,5]

0,830

Glycemia p / food, 
mmol/l

12,6
[10,9; 15,1]

12,1
[9,3; 14,7]

11,9
[10,2; 13,9]

13,8
[10,9; 16,8]

0,437

 Level 
НвА1С, %

9,1
[8,8; 10,2]

9,1
[8,5; 12,2]

11,9
[10,2; 13,9]

11,7
[8,0; 14,2]

0,301

Table 2: Pairwise comparisons of laboratory parameters of carbohydrate metabolism 
in children of different age groups with the manifestation of type 1 diabetes.

Indicators
(1 гр.) 0 – 4 

years
n = 11

(2 гр.) 5 – 7 
years
n = 10

(3 гр.) 8 – 12 
years
n = 25

(4 гр.) 13 – 18 
years
n = 9

Initial glycemia, 
mmol/l

р1,2 = 0,203
р1,3 = 0,713

р2,4 = 0,400 р2,3 = 0,023
р1,4 = 0,702
р3,4 = 0,788

Fasting glycemia, 
mmol/l

р1,2 = 0,771
р1,3 = 0,769

р2,4 = 0,549 р2,3 = 0,849
р1,4 = 0,704
р3,4 = 0,616

Glycemia p / food, 
mmol /l

р1,2 = 0,418
р1,3 = 0,361

р2,4 = 0,356 р2,3 = 0,926
р1,4 = 0,651
р 3,4 = 0,142

 Level НвА1С, %
р1,2 = 0,824
р1,3 = 0,074

р2,4 = 0,489 р2,3 = 0,163
р1,4 = 0,503
р3,4 = 0,908 
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