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Abstract

Purpose: to study the level of growth hormone (GH) and insulin-like
growth factor type 1 (IGF-1) in patients with type 1 diabetes mellitus
(DM1) at the stages of puberty.

Material & Methods: 165 children (85 girls (51.5%) and 80 boys
(48.5%), aged 8 to 18 years old, suffering from DM1 and staying
in the endocrinology department of the State Institution "Institute
of Health for Children and Adolescents”) of the National Academy of
Medical Sciences of Ukraine" (State Institution "IOZGP NAMS"). The
criterion for inclusion in the study was the duration of T1DM for more
than one year (from 1 to 16 years). The level of GH and IGF-1 was
determined in 165 children 8-18 years old (85 girls and 80 boys) with
DM1, taking into account gender, the level of sexual development at
the time of the survey, the duration of DM1 and the level of glyce-
mic control. Study participants were divided into groups depending on
the level of sexual development (T1-T4) at the time of the study, as-
sessed by the Marshall & Tanner scale (Marshall, & Tanner, 1969; Mar-
shall, & Tanner, 1970); duration of DM1 (<5 years, 5 to 10 years, >10
years); level of glycemic control (optimal (HbA1c<7.5%), suboptimal
(7.5%=<HbA1c<9.0%), high-risk (HbA1c>9.0%) according to ISPAD
2018 recommendations (DiMeglio, et al., 2018)

Results: in adolescents with DM1, a physiological type of activation of
the GH/IGF-1 system was established with an increase in its activity
during the period of puberty proper. Sexual characteristics were deter-
mined in the levels of GH and IGF-1 at the stages of puberty. Girls had
higher levels of IGF-1 than boys, especially during prepuberty. During
prepuberty and puberty proper, GH values were higher in boys, and in
late puberty, in girls. It has been established that in girls and boys with
an increase in the duration of diabetes, there is an increase in the level
of GH and a decrease in IGF-1. The nature of the state of GH/IGF-1
in patients with different experience of DM1 is affected by the level
of sexual development at the time of the examination and the sex of
adolescents. In boys aged 14-18 years (the period of proper and late
puberty), with an increase in the duration of the disease, an increase
in the level of GH (p,_,<0.05) and a decrease in IGF-1 (p<0.05) occur.
In girls, an increase in GH (p, ,<0.05) and a decrease in IGF-1 (p,
»,<0.05) with an increase in the duration of DM1 were recorded only in
the group of patients aged 16-18 years (late puberty). The relation-
ship between HbA1lc and GH and IGF-1 levels has gender specifics: in
the state of decompensation, the guys showed a tendency to decrease
in GH, and in girls - to increase GH and IGF-1.

Conclusions: the functional state of the GH/IGF-1 system in adoles-
cents with DM1 depends on gender, the level of sexual development,
the duration of diabetes and the state of carbohydrate metabolism
compensation, which coincides with the data of domestic and foreign
studies.
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AHoTauin

CeiTnaHa TypuwuHa, Jlapuca HikitiHa, Onbra
BapopoBa, nia KanmukoBa , Ceprin
KanMukoB. ®yHKLUIOHa/NIbHUW CTaH CUCTEMU
GH/IGF-1 y nigniTkiB, XBOpUX Ha LYKPOBUM
piaber 1 Tuny. Mera: BMBYMTU piBEHb FOPMOHY
pocta (GH) Ta iHcyniHonogibHoro dakTopy pocTy 1
Tuny (IGF-1) y xBopux Ha uykposui giabet 1 tuny
(LLA1) Ha eTanax cTaTeBOro Ao3piBaHHA. MaTepian
i metogu: 165 piten (85 pisuat (51,5%) i 80
xnonuiB (48,5%) Bia 8 oo 18 pokiB, sKi XBOpItOTb
Ha U4 1 i nepebyBaioTb B €HAOKPUHOJOMNYHOMY
BigAineHHi Y «IHCTUTYT OXOpOHW 340pOB’A AiTen
Ta nignitkis HAMH Ykpainn» (4y "10341n HAMH").
KpuTepieM BKOYEHHS B AOCNigXKeHHs 6yna
TpuBanictb U1 6inbwe ogHoro poky (Bia 1 ao 16
pokiB). BusHauaBcs piBeHb GH Ta IGF-1y 165 piten
BikoM 8-18 pokiB (85 aiBuaT i 80 xnonuumkis) 3 A1
3 ypaxyBaHHSAM CTaTi, piBHA CTaTeBOro poO3BUTKY
Ha MOMeHT obcTexeHHs, TpmBanocti U1 Ta piBHA
rNiKEMIYHOrO KOHTPOD. YYaCHUKWU [OCAIAKEHHS
6ynupo3aineHiHarpynn3anexHoBiApiBHACTAaTEBOro
po3BuUTKY (T1-T4) Ha MOMEHT AOCMIAXEHHS, KU
ouiHBaBCA 3a wWwkanot Marshall & Tanner (Mar-
shall, & Tanner, 1969; Marshall, & Tanner, 1970);
TpuBanocTi nepebiry LUA1 (<5 pokis, Biga 5 ao 10
pokiB, >10 pokiB); piBHS rMiKEMIYHOrO KOHTPOJIO
(ontumanbHun (HbA1c<7,5%), cybonTuManbHui
(7,5%<HbA1c<9,0%), 3 BMWCOKMM  pPU3NKOM
(HbA1c>9,0%) BianoBiaHO A0 pekoMeHpauin IS-
PAD 2018 (DiMeglio, et al., 2018). Pe3ynbTaTu:
y nignitkis i3 LAl BcTaHoOB/EeHO i3ionoriyHmin
TMN akTmBauii cuctemm GH/IGF-1 i3 niagBULWEHHAM
ii  akTMBHOCTIi B nepiog BnacHo ny6epTaTy.
Bu3HauyeHo cTaTeBi ocobnmBocTi y piBHAX GH Ta
IGF-1 Ha eTanax crtaTeBOro Ao3piBaHHA. Y aiByat
pieeHb IGF-1 6yB BMLLE, HiX Yy XaonuiB, 0cobnmso
B nepioa npenyb6eptaTty. B nepiog npenybeptaty
Ta BflacHo nyb6epTtaTy nokasHukun GH 6ynu BuLle
y XJonuiB, a B nepioa ni3Hboro nybeptaTty - y
pisyaTt. BcTtaHoBneHo, WO Yy AiB4yaT i xaonuis i3
36inbweHHaM TpuBanocTti Aaiabety BigbyBaeTbcs
36inbweHHs piBHA GH Ta 3MeHweHHs IGF-1. Ha
XxapakTtep ctaHy cuctemm GH/IGF-1 y nauieHTiB i3
pisHuM ctaxem L[ 1 BnimBae piBeHb CTaTeBOro
pPO3BUTKY Ha MOMeHT ob6CTexeHHs Ta CcTaTb
nianiTkie. Y xnonuie 14-18 pokiB (nepiog BnacHo
Ta nisHboro ny6eprtaTty) i3 36iNbWEHHAM CTaxy
3axBOpIOBaHHA BiabyBaeTbcs 36inblIeHHSA piBHSA
GH (p,.,<0,05) Ta 3mMeHweHHs IGF-1 (p, ,<0,05). Y
aisyat 36inbwerHHa GH (p, ,<0,05) Ta 3MeHLWeHHs
IGF-1 (p,.,<0,05) i3 36inblwieHHam TpusanocTi LA1
peecTpyBanu TifibKK B rpyni nauieHTok 16-18 pokis
(nepioa nisHbOro ny6epTaTy). B3aeMo3B “A30K Mix
nokasHukamm HbAlc ta piBHamm GH i IGF-1 mae
cTtateBi 0CO6/MBOCTI: Yy CTaHi AekoMmneHcauii y
XN10MNUiB peecTpyBanacs TeHAEHLUiS A0 3MEHLUEHHS
GH, a y aiByat - po 36inbweHHs GH Ta IGF-1.
BUCHOBKM: (YHKUiOHaNbHUA cTaH cuctemm GH/
IGF-1 y nigniTkis i3 UA1 3anexaTb Bi4 cTaTi, piBHA
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CTaTeBOr0 PO3BUTKY, TPMBAOCTI AiabeTy Ta cTaHy
KOMMeHcauii ByrneBogHoro o6MiHy, wwo 36iraerbca 3
OAHVMU BITYN3HAHUX Ta 3aKOPAOHHUX AOCNIOXKEHb.

KnwuoBi cnoBa: aitn, uykposuit giabet 1 tuny,
rOPMOH pocCTa, iHcyniHonoAibHuii dakTop pocty 1
T™Mny.

Introduction

A special place in the pathogenesis of type 1DM
and its complications is occupied by disturbances
in the system of regulation of somatotropic hor-
mone (GH), its main mediator of action - insulin-
like growth factor-1 (IGF-1) and binding proteins.
Hereinafter, this system will be abbreviated as GH/
IGF-1.

The exact mechanisms linking type 1 diabetes
and poor glycemic control to the growth hormone/
insulin-like growth factor-1 and IGF-binding pro-
tein-3 (IGFBP-3) axis remain to be elucidated. It
has been determined that GH resistance with low
IGF-1 levels, which can be observed in patients
with 1DM, is often associated with portal hypoin-
sulification and lack of upregulation of GH recep-
tors. There are conflicting reports on the impact of
GH/IGF-1 axis dysregulation on growth in children
and adolescents with 1DM, and even on the onset
and course of chronic complications. (Nambam, &
Schatz, 2018)

It is well known that type 1 diabetes mellitus and
other chronic diseases in children have a negative
impact on linear growth and sexual development
(Turchyna et al., 2022; Turchina et al., 2022). Al-
though prepubertal and postpubertal growth are
important phases of growth, puberty and asso-
ciated hormonal changes are a critical phase for
height enhancement and eventual growth, espe-
cially in patients with endocrinopathies (Turchyna,
2019). Growth failure observed in patients with
diabetes depends on abnormalities in physiological
bone growth and is consistent with abnormalities
in the growth hormone/insulin-like growth factor-1
axis. These changes may be related to appropriate
insulin levels and thus to glycemic control based on
the determination of glycated hemoglobin (HbA1c)
(Chiarelli et al., 2004).

Assessing concomitant diabetes in the nature of
changes in the functional state of the GH/IGF-1
system and its close relationship with the state
of metabolic control in children and adolescents,
some researchers note that deviations in the work
of this hormonal axis can cause physical develop-
ment disorders (PD).

According to the results of a comprehensive ex-
amination of adolescents aged 12-17 years with
DM1, it was found that 60,0% of patients had dis-
harmonious PD, mainly due to high growth and un-
derweight. The frequency and structure of physical
development disorders were influenced by the de-
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gree of compensation of carbohydrate metabolism
and the age period in which the manifestation of
DM1 occurred. Disharmonious physical develop-
ment was more often observed in adolescents with
a poor level of compensation (76,3%) than with
optimal (38,5%, p,<0,05) and suboptimal (52,6%,
p,<0,05). Patients with optimal control were most
often diagnosed with high growth (26,3%) and un-
derweight (15,8%). In the state of decompensa-
tion, the percentage of patients with underweight
(18,4%) and overweight (10,5%) significantly in-
creased. Adolescents with disease manifestation
during childhood (30,0%) and prepubertal period
(21,4%) were significantly more likely to have dis-
harmonious physical development than those with
DM1 manifestation during puberty proper (8,6%,
p,<0,05 and p,<0,05). It was concluded that ado-
lescents with insufficient compensation of carbo-
hydrate metabolism and patients with the onset of
DM1 in childhood and prepuberty are at risk for the
formation of disharmonious physical development
(Turchina et al., 2019).

Disturbances in the somatotropic function of the
pituitary in children with DM1 are reported in the
works of domestic and foreign authors, but these
data are rather contradictory. So, in the works of
A.V. Bolshevoi et al. (2000) noted that an increase
in GH production occurs only at the onset of the dis-
ease, and then it significantly depends on the state
of carbohydrate metabolism compensation and is
inhibited when it worsens, which causes growth
retardation in children against the background
of a long-term decompensated course of DM1.
(Bolshova, & Popova, 2000). This is confirmed by
the results of other studies (Chiarelli et al., 2004;
Zachrisson et al., 1997), in which children with sat-
isfactory glycemic control did not show significant
changes in IGF-1 production, and physical devel-
opment (height and body weight) did not differed
from the indicators of healthy peers, while in case
of metabolic decompensation of the disease, char-
acteristic disorders were observed in the form of
a decrease in IGF-I, which was accompanied by
growth retardation (Zachrisson et al., 1997). Some
authors indicate that these disorders occurred only
in patients of late pubertal and post-pubertal age,
possibly due to the longer duration of existing dis-
orders (Cianfarani et al., 2000).

The data indicate the complexity of insular-con-
trinsular relationships in DM1 under conditions of
basal insulin deficiency during puberty. That is why
it is important to study the functional state of the
GH/IGF-1 system in children and adolescents with
DM1, taking into account the degree of puberty,
the duration of diabetes, and the level of glycemic
control.

Purpose of the study. To study the level of growth
hormone and insulin-like growth factor type 1 in
patients with type 1 diabetes at the stages of pu-
berty.

Material and methods of research
Participants

165 children (85 girls (51.5%) and 80 boys
(48.5%) from 8 to 18 years old with type 1 diabe-
tes and are in the endocrinology department of the
State Institution “Institute of Health for Children
and Adolescents of the National Academy of Medi-
cal Sciences of Ukraine” (SI “10ZDP NAMS”). The
criterion for inclusion in the study was the duration
of DM1 more than one year (from 1 to 16 years).

The studies were carried out in accordance with
the principles of the Helsinki Declaration of Human
Rights, the Council of Europe Convention on Hu-
man Rights and Biomedicine and the current legis-
lation of Ukraine. The study protocol was approved
by the Commission on Medical Ethics of the State
Institution "IOZGP NAMS". Parents and patients
provided written informed consent to participate in
the study.

Methods

Quantitative determination of GH and IGF-1 in
blood serum was carried out using enzyme-linked
immunosorbent assay (ELISA) on a Rayto RT-
2100C photometer using commercial kits from
«Granum» (Kharkiv).

Procedure

The analysis of GH and IGF-1 levels was carried out
taking into account gender, the level of sexual de-
velopment at the time of the survey, the duration
of DM1 and the level of glycemic control. The study
participants were divided into groups based on:

e level of sexual development (T1-T4) at the time
of the study, assessed by the Marshal, W.A. and
Tanner, J.M. scale (Marshall, & Tanner, 1969; Mar-
shall, & Tanner, 1970);

e duration of DM1 (<5 years, 5 to 10 years, >10
years);

e level of glycemic control (optimal (HbAlc
<7.5%), suboptimal (7.5%<HbA1c<9.0%), high
risk (HbA1c>9.0%) in accordance with ISPAD rec-
ommendations 2018 (DiMeglio, et al., 2018).

Statistical analysis

Statistical analysis of the obtained data was carried
out using the SPSS 26.0 statistical software pack-
age. Number of observations (n), mean standard
deviation (M£m) for summing nominal variables.
Comparison of data between groups was carried
out using one-way analysis of variance (ANOVA).
To assess the probability of differences, nonpara-
metric methods were also used - the Wilcoxon-
Mann-Whitney test for two independent groups (p,)
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or the Kruskal-Wallis test (p,_,) for three or more
groups. The significance level was set at p<0.05.

Results of the study

Given the close relationship between the level of
sexual development and the functional state of the
GH / IGF-1 system, at the first stage of the study,
the indicators of GH and IGF-1 in patients with
DM1 were studied, taking into account the level
of sexual development according to the Marshal,
W.A. and Tanner, J.M. scale. According to the re-
sults obtained, the minimum basal GH values were
determined in patients of both sexes in the period
of pre-puberty (T1) and early puberty (T2). During
the period of proper puberty (T3) and late puberty
(T4), the GH level was significantly higher in both
boys and girls with DM1 (Figure 1).

3

GH, ng/ml 2,64*
2,5 4
5 | 1,97 1,93
1,54 1,34%
I
0,54
051 g3 029 .0,21*
ol I
T1 T2 T3 T4
m boys © girls

Fig. 1. Level of GH in patients with type 1
diabetes depending on the stage according
to Tanner

Note:

* — the significance of the differences between the indica-
tors of the group of boys and the group of girls according
to the Wilcoxon-Mann-Whitney test (p,<0,05).

When determining the IGF-1 indicators, the pres-
ence of gender differences in patients with differ-
ent levels of puberty was established (Figure 2).

IGF-1, ng/ml
350 4
300 1 290,37* 282,53
265,2
250 1 222,07*
203,70%
200 4 187
165,3
150 | 136,6
100 -
50 4
0
Tt T2 T3 T4
Wboys ' girls

Fig. 2. Level of IGF-1 in patients with type 1
diabetes depending on the stage according
to Tanner

Note:

* — the significance of the differences between the indica-
tors of the group of boys and the group of girls according
to the Wilcoxon-Mann-Whitney test (p,<0,05).

First, at all stages of puberty, IGF-1 levels in girls
were higher than in men. Secondly, a significant in-
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crease in its level in girls occurred earlier — during
the prepubertal period (T2), in contrast to boys, in
whom IGF-1 production significantly increased only
during the period proper (T3) and late (T4) puber-
ty. This may be due to the peculiarities of hormonal
regulation during puberty in girls and boys.

Thus, at different stages of puberty in adolescents
with DM1, a physiological type of activation of the
GH/IGF-1 system was established with the pres-
ence of gender characteristics with an increase in
the level of GH and IGF-1 in the periods of proper
puberty and late puberty. These changes were typ-
ical for both girls and boys with DM1.

An analysis of mean GH levels with regard to dura-
tion of diabetes noted an increase in its level with
an increase in the duration of DM1 with high rates
in adolescents with a disease duration of more than
10 years (p,,<0,05). The level of IGF-1 in ado-
lescents of both sexes, on the contrary, tended to
decrease against the background of an increase in
the duration of diabetes (p, ,<0,05). GH and IGF-1
levels in girls who were ill for 1-5 years and more
than 10 years were higher than in boys (Figures 3
and 4).
GH, ng/ml

337 3,19%
3
2,5 A
5]
15 1 1,42
1]
0,36

0,5 1 0,23
0 .
<5 years from 5 to 10 years > 10 years

mboys

Fig. 3. GH level in patients with type 1 diabe-
tes depending on the duration of the disease

Note:

* — the significance of the differences between the indica-
tors of the group of boys and the group of girls according
to the Wilcoxon-Mann-Whitney test (p,<0,05).

girls

IGF-1, ng/ml
350 4

300 4 290,4*

250 2288 2219 2140k

200 - 182,3

146,4
150 4

100 4

50 A

<5 years from 5 to 10 years > 10 years

Bboys [ girls

Fig. 4. IGF-1 level in patients with type

1 diabetes depending on the duration

of the disease

Note:

* — the significance of the differences between the indica-
tors of the group of boys and the group of girls according
to the Wilcoxon-Mann-Whitney test (p,<0,05).



ISSN 2522-1906 (Print) ISSN 2522-1914 (Online)

Physical rehabilitation and
recreational health technologies

Analysis of GH taking into account the duration of
the disease in patients of all ages showed that an
increase in GH was observed with a duration of
DM1 more than 10 years in boys aged 14-15 years
(actual puberty) and in girls aged 16-18 years (late
puberty). During pre- and early puberty (9-13
years), the duration of the disease did not signifi-
cantly affect the production of GH (Table 1).

IGF-1 parameters also in the prepubertal and ear-
ly pubertal period, regardless of gender, did not
change with an increase in the duration of diabe-
tes and were significantly higher in girls. During
the period of proper puberty (14-15 years) and
late puberty (16-18 years), in children with an in-
crease in the duration of the disease, there was a
decrease in the level of IGF-I (p,_ ,<0,05). In girls,
a significant decrease in IGF-1 (p,,<0,05) with an
increase in the duration of DM1 was recorded only
in the group of female patients aged 16-18 years,
that is, in the period of late puberty (Table 2).

When studying the state of GH/IGF-1, gender-spe-
cific changes in the production of GH and IGF-1
were revealed at various HbA1c levels. In the case
of suboptimal glycemic control, boys had higher GH
values, while girls, on the contrary, had lower val-
ues (p,,<0,05). In the state of decompensation,
the GH level in girls was the highest (p,_ ,<0,05)
and significantly exceeded the indicators in boys.

Vol. 7 No 4

In boys, the highest GH level, which significantly
exceeded its value in girls (p,<0,05), was deter-
mined in the state of subcompensation (p, ,<0,05)
(Figure 5.)

GH, ng/ml
3.
2,72%

2,5

2 1,87

*

151 1,44

14
0.5 4 0,38% 0,45

' = .

o ||

HbAlc<7,5% HbA1lc 7,5-9% HbA1c>9%
mboys girls

Fig. 5. GH level in patients with type 1 diabe-
tes depending on the level of HbAlc (%)

Note:

* — the significance of the differences between the indica-
tors of the group of boys and the group of girls according
to the Wilcoxon-Mann-Whitney test (p,<0,05).

The level of IGF-1 in patients with DM1 was not
significantly affected by the state of compensation
of carbohydrate metabolism in terms of HbA1lc. Re-
gardless of the state of carbohydrate metabolism
compensation, girls had higher IGF-1 levels than
boys (pu<0,05).

Table 1. The content of GH in the blood of DM patients 9-18 years old depending on the duration

of the disease (M£m)

Duration of the disease

Age, From 1 to 5 years From 5 to 10 years More than 10 years
years _ _ _

boys girls boys girls boys girls

(n=25) (n=32) (n=40) (n=42) (n=15) (n=14)
9-11 0,21+0,03 0,37+0,10 0,24+0,10 0,32+0,19 - -
12-13 0,29+0,06 0,25+0,06 0,29+0,08 0,93+0,66 - -
14-15 0,21+0,02%* 0,36+0,05 1,06+0,41 0,29+0,18 9,33+8,99 0,22+0,01
16-18 0,25+0,15%* 0,98+0,05 3,33+3,21 2,39+2,14 0,14+0,05 5,17+4,27
Note:

* — the significance of the differences between the indicators of the group of boys and the group of girls according to

the Wilcoxon-Mann-Whitney test (p,<0,05).

Table 2. The content of IGF-1 in the blood of DM patients aged 9-18 years, depending on the duration

of the disease (M£m)

Duration of the disease

é%?,’s From 1 to 5 years From 5 to 10 years More than 10 years

boys girls boys girls boys girls

(n=25) (n=32) (n=40) (n=42) (n=15) (n=14)
9-11 172,1+£21,6%* 212,8+38,8 121,5+£22,5% 217,8+37,9 - -
12-13 144,5+0,1* 325,9+50,3 187,5+24,9* 355,9+100,4 - -
14-15 216,9+119,1 387,4+7,95 282,3+51,3 176,1+29,8 146,2+14,1* 273,9+16,6
16-18 201,6+8,7* 436,7+60,6 233,9+51,4 209,4+39,4 146,5+20,9 175,6+52,6
Note:

* — the significance of the differences between the indicators of the group of boys and the group of girls according to

the Wilcoxon-Mann-Whitney test (p,<0,05).
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Thus, in the state of decompensation, the guys
showed a tendency to a decrease in GH, and in
girls, to an increase in GH and IGF-1 (Figures 5
and 6).

IGF-1, ng/ml
300 - 280,8%
250 - 239,5* 228,7%
198,3 209,1
200 4 177,6
150 4
100 4
50 A
0
HbAlc < 7,5% HbAlc 7,5-9% HbAlc > 9%
mboys © girls

Fig. 6. The level of IGF-1 in patients with type
1 diabetes depending on the level of HbAlc
(%)
Note:

* — the significance of the differences between the indica-
tors of the group of boys and the group of girls according
to the Wilcoxon-Mann-Whitney test (p,<0,05).

These changes may be associated with an insuf-
ficient dose of exogenous insulin, which causes
decompensation of the disease, and an increase
in IGF-1 and GH is a response to hypoinsuline-
mia. It is noteworthy that changes in GH produc-
tion were characteristic of boys aged 14-15 years
and girls aged 16-18 years, in whom the increase
in GH levels was at the level of 4,22+3,1 ng/ml
and 5,05+3,04 ng/ml, respectively. An increase in
IGF-1 production was recorded in boys with optimal
glycemic control at the age of 14-15 (304,0£52,6
ng/ml), and in girls at the age of 12-13 with dec-
ompensation of the disease.

Discussion

According to the results obtained, the features of
the functional state of the GH/IGF-1 system in ad-
olescents with DM1 depend on gender, the level of
sexual development, the duration of diabetes, and
the state of carbohydrate metabolism compensa-
tion, which coincides with the data of domestic and
foreign studies.

Our study demonstrated that, especially during
puberty, patients with type 1 diabetes show some
changes in the GH/IGF-1 axis, characterized by GH
hypersecretion, a decrease in serum IGF-1 levels,
consistent with literature data (Massa et al., 1993;
Day et al., 1998).

The decrease in serum IGF-1 levels may be asso-
ciated with low intraportal insulin concentrations:
in fact, exogenous subcutaneous insulin therapy is
not able to replace pancreatic insulin secretion in
the portal circulation (Shishko et al., 1994).

As proven in previous studies, the deployment of
manifestations of puberty in healthy adolescents
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is accompanied by a decrease in insulin sensitiv-
ity along with an increase in the activity of the
GH/IGF-1 system. The high concentration of GH
in the blood serum is one of the most important
factors contributing to the development of insulin
resistance typical of 1DM at puberty (Radetti et al.,
1997; Fowelin et al., 1991). In addition, insufficient
intraportal insulin concentration leads to an in-
crease in the production of IGFBP-3, which inhibits
the bioactivity of IGF-1 (Radetti et al., 1997; Clark
et al., 1998). These processes acquire the greatest
intensity at stages III-IV according to Tanner, both
in boys and girls (Nambam, & Schatz, 2018).

According to the results of modern scientific stud-
ies of changes in the functional state of the GH/
IGF-1 system, in patients with DM1, an increase in
IGF-1 production similar to healthy peers with an
increase in the degree of puberty was revealed, but
their indicators were significantly lower than those
corresponding to the stage of puberty in the control
(Cinaz et al., 2006). As in our study, an increase in
IGF-1 levels during puberty was also found in 92
Spanish children (Munoz, et al., 1996).

Some studies have established a certain sexual
dimorphism in IGF-1 production. As in our study,
significantly lower levels of IGF-1 were determined
in children, which was combined with the devel-
opment of growth retardation, especially in the
case of prolonged decompensation (Bizzarri et al.,
2014). Girls with DM1 had significantly higher lev-
els of GH and IGF-1, and among them there was a
smaller percentage of growth retardation (Turchina
et al., 2019).

Along with this, it was found that in adolescents
with DM 1, these changes are dependent on the
level of HbAlc, especially with regard to the in-
crease in GH levels with excessively low or high
levels of HbAlc. At an optimal level of compensa-
tion, the increase in GH levels is explained by the
authors as possible hypoglycemic conditions and
corresponding metabolic disorders (Clark et al.,
1998), often observed due to the lability of the dis-
ease in childhood and adolescence.

Thus, our data to a certain extent agree with the
data of modern literature, but require clarification
regarding the factors affecting the functional state
of the GH/IGF-1 system in adolescents with DM1.
The above indicates the need to continue scientific
research in this direction.

Conclusion

1. In adolescents with DM1, a physiological type of
activation of the GH/IGF-1 system was established
with an increase in its activity during the period of
puberty itself.

2. Sexual characteristics were determined in the
levels of GH and IGF-1 at the stages of puberty.
Girls had higher levels of IGF-1 than boys, espe-
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cially during prepuberty. In the period of prepu-
berty and puberty itself, GH indicators were higher
in boys, and in late puberty - in girls.

3. It has been established that in girls and boys
with an increase in the duration of diabetes, there
is an increase in the level of GH and a decrease in
IGF-1. The state of the GH/IGF-1 system in pa-
tients with different duration of DM1 is affected by
the level of sexual development at the time of the
examination and the gender of the child. In chil-
dren aged 14-18 years (the period of proper and
late puberty), with an increase in the duration of
the disease, there is an increase in the level of GH
(p,.,<0,05) and a decrease in IGF-1 (p,_,<0,05).
In girls, an increase in GH (p,,,<0,05) and a de-
crease in IGF-1 (p, ,<0,05) with an increase in the
duration of DM1 were recorded only in the group of
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