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The study of the thyroid gland (T'G) func-
tion during puberty period is of special interest
due to the important role of its hormones in
the development of the reproductive system [1].
In the period of pre-, and especially, early pu-
berty, even in practically healthy adolescents,
the thyrotropin (T'SH) levels increase and signs
of thyroid insufficiency of varying degrees may
develop due to hormonal changes during pu-
berty [2]. In the background of the increased
need for thyroid hormones and increased iodine
uptake by the thyroid gland, the urinary iodine
excretion increases leading to the formation of
relative iodine deficiency even under conditions
of normal iodine intake. In the case of iodine
deficiency in the environment, its obvious lack
during puberty only worsens and can contri-
bute to dysfunction of the pituitary-thyroid sys-
tem with subsequent onset of thyropathies [3],

which negatively affects somato-sexual deve-
lopment [4—6].

It should be noted that thyroid dysfunction
is common not only in the presence of thyroid
pathology, but also in metabolic disorders, in
particular in type 1 diabetes mellitus (T1DM)
[7]. It is proved that only one third of the sub-
jects (33.3 = 3.8) % have the physiological type
of regulation of the thyroid system with normal
levels of TSH, free T, and T,. [8]. The relation-
ship between the thyroid system function and
the course of T1DM in children and adolescents
has been identified [9].

In subclinical hypothyroidism (scHT), pa-
tients with T1DM may have deteriorating gly-
cemic control, changes in the blood lipid spec-
trum towards atherosclerotic changes, which
increases the risk of cardiovascular compli-
cations.

* The work is performed within the framework of the planned scientific topic of the State Institution «Institute for
Children and Adolescents Health Care of the National Academy of Medical Sciences of Ukraine» «Determination of
the peculiarities of somato-sexual development and the main mechanisms of its disorders in adolescents with type I
diabetes mellitus with modern technologies of its treatment» (state registration number 0120U104920).
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The most common cause of hypothyroid-
ism in children and adolescents with T1DM is
autoimmune thyroiditis (AIT), the incidence
of which increases during puberty due to in-
creased antithyroid autoimmunity stress, which
may lead to worsening of glycemic control
caused by frequent hypoglycemia and reduced
need for exogenous insulin [8, 10].

Based on epidemiological studies data, AIT
and diffuse nontoxic goiter (DNTG) are most
commonly detected in patients with T1DM, the
frequency of which is significantly higher than
in the general population [8, 11]. According to
previously obtained data, 41.2% of adolescents
with T1DM had thyroid pathology. Diffuse non-
toxic goiter of grade I or II and AIT were most
often diagnosed (17% of patients). It has been
proven that the frequency of these thyropathies
depended on gender, the nature of physical de-

velopment and the course of puberty, the age of
onset of T1DM and the compensation of diabe-
tes. Thyropathies were most often diagnosed in
adolescents with T1DM manifestation in early
puberty (80.0%) with a diabetes duration of 5
to 10 years, with insufficient compensation of
carbohydrate metabolism and disharmonious
physical development [11, 12].

Thus, the development of dysthyroidism in
patients with T1DM negatively affects not only
the course of diabetes but can also contribute
to impaired physical and sexual development
due to the direct involvement of thyroid hor-
mones in the processes of growth and puberty.

Aim of the study is to improve the me-
thods of prevention and treatment of disorders
of the functional state of the pituitary-thyroid
system 1in adolescents with type 1 diabetes me-
Litus.

MATERIALS AND METHODS

114 patients with T1DM aged 9-16 years
were examined in the clinic of SI «ICAH
NAMSU». The comparison group consisted of
149 practically healthy peers with harmonious
physical and sexual development. Taking into
account the level of sexual development (SD)
at the time of examination, adolescents of both
groups were divided into subgroups:

a) prepubertal;

b) early puberty;

¢) puberty.

In all adolescents, the levels of thyrotropin
(TSH), free fractions of thyroid hormones (fT,
and fT,) were determined by the enzyme-linked
immunosorbent assay and ratios (fT,/fT, and
TSH/AT,) were calculated. When assessing the
functional state of the thyroid gland, attention
was paid to both the level of hormones and the
value of their ratios, which allowed to objectify
the diagnosis of thyroid dysfunction in adoles-
cence. Euthyroidism was diagnosed at optimal
TSH levels (1.2-2.5 mIU/mL) and TSH/{T, ratio
up to 0.19 CU. Minimal thyroid insufficiency
(MTI): TSHAT, 0.19 to 0.29 CU. Subclinical
hypothyroidism (scHT): at TSH/fT, more than
0.29 CU. Manifest hypothyroidism with eleva-

ted TSH more than 10 mIU/mL and decreased
fT, [5].

The studies were conducted in compliance
with the principles of the Helsinki Declaration
of Human Rights, the Council of Europe Con-
vention on Human Rights and Biomedicine, and
the current legislation of Ukraine. Protocol of
the study was approved by the Medical Ethics
Committee of the SI «ICAH NAMSU». Parents
and patients provided written informed consent
to participate in the study.

The results of the examination of adolescents
were combined into an electronic data bank,
the mathematical processing of which was car-
ried out using the «SPSS Statistics 17.0» and
«Microsoft Excel-2007» software. The median
and interquartile range (Me [Lq; Uq]) were
determined. To assess the significance of dif-
ferences, non-parametric methods were used,
such as Wilcoxon-Mann-Whitney (P) tests.
The significance of the percentage discrepan-
cies was assessed using the Fisher's angular
transformation (Pg). The critical significance
level for testing statistical hypotheses when
comparing groups was assumed to be 0.05.

RESULTS AND THEIR DISCUSSION

The analysis of the thyroid profile in pa-
tients with T1DM (main group) and in prac-

tically healthy peers (control group) with dif-
ferent degrees of sexual development revealed
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Table 1

Thyroid status in adolescents with type 1 diabetes mellitus (main group)
and healthy peers (control group) in the stages of sexual development

(Me [Lqg; Uq])

Puberty period
prepubertal (n = 59) early puberty (n = 83) puberty (n = 121)
Parameter control patients control patients control patients
group with TIDM group with TIDM group with T1IDM
(n = 34) (n = 25) (n=49) (n = 34) (n = 66) (n =55)
TSH, 2.10 2.20 2.68 2.7 2.15 2.20
mIU/mL [1.45; 3.20] [1.60; 3.10] [1.60; 3.55] [1.70; 3.75] [1.40; 2.85] [1.80; 3.10]
P, >0.05 >0.05 >0.05
fT, 16.75 14.00 15.10 14.05 14.90 [}338
pmol/L [13.70; 18.30] | [12.70; 16.00] | [12.50; 17.50] | [11.90; 17.10] | [13.20; 17.00] 16 '40]’
P, >0.05 >0.05 >0.05
fT, 4.05 7.65 4.20 8.15 4.15 7.05
pmol/L [3.20; 5.40] [7.00; 9.30] [3.40; 5.10] [7.20; 8.80] [3.40; 5.00] [5.60; 7.60]
P, <0.05 <0.05 <0.05
fT/fT,, 0.27 0.58 0.27 0.59 0.27 0.51
CU [0.21; 0.35] [0.40; 0.70] [0.23; 0.34] [0.51; 0.67] [0.23; 0.32] [0.42; 0.61]
P, <0.05 <0.05 <0.05
TSHAT,, 0.11 0.20 0.15 0.28 0.14 0.18
CU [0.08; 0.22] [0.11; 0.20] [0.09; 0.20] [0.13; 0.34] [0.09; 0.20] [0.10; 0.19]
P, <0.1 <0.05 > 0.05

Note.

P, is a significance of differences in groups with the same level of sexual development.

similar trend of change of group averages du-
ring puberty (Table 1).

The highest TSH values in adolescents of
both groups were recorded during early pu-
berty, which occurred in the background of a
decrease in T, and an increase in the TSH/fT,
ratio However, in patients with T1DM the le-
vels of fT, and TSH/fT, or fT /AT, ratios were
significantly higher compared to control group.
Especially during early puberty. These changes
indicate the stress of the thyroid system at the
beginning of puberty, which is the basis not
only for increasing the risk of thyroid patho-
logy during this period of puberty, but also for
the disturbances of physical and sexual deve-
lopment.

In the individual analysis of thyroid pro-
file parameters using previously developed cri-
teria [5], it was found that the optimal TSH
levels were observed in 57.8% of patients with
T1DM, 32.5% of patients with T1DM had MTI,
6.6% — scHT, and 3.1 % — manifest hypothy-
roidism. The most frequent increase in TSH

levels in both groups was diagnosed during
early puberty (Fig. 1). However, in contrast to
practically healthy peers with a similar level
of puberty, in adolescents with T1DM, an in-
crease in the TSH level above 4 mIU/mL was
also found more frequently during the prepu-
bertal period (Pp < 0.05) and during the pu-
berty (Pp < 0.05).

In order to objectively assess the functional
state of the pituitary-thyroid system, an indi-
vidual analysis of the TSH/fT, ratio was per-
formed. This parameter reflects not only the ac-
tivation of pituitary hormones during puberty,
but also the functional state of the thyroid sys-
tem as a whole. That is, thyroid responses to pu-
bertal changes. Individual analysis of TSH/fT,
ratios showed presence of MTI in 23.8% and
scHT in 12.2% of patients with T1DM. Every
second adolescent with T1DM was diagnosed
with signs of thyroid insufficiency during early
puberty. It was during this period that the pro-
portion of patients with the TSH/T, ratio of
more than 0.29 CU (23.5%) was the highest,

52

IIpobremu endokpurnoi namosnoeii Ne2, 2023



Kainiuna endokpurosioeis
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Fig. 1. Incidence of different values of TSH and TSH/{T, ratio in adolescents with T1DM
and in adolescents of control group at the stages of sexual development.
* p < 0.05 significance of differences in groups with the same level of sexual development.

among whom 11.4% were diagnosed with mani-
fest hypothyroidism. Thus, among adolescents
with T1DM at the beginning of puberty, every
second child had signs of MTI or scHT. This is
significantly more often than in the group of
practically healthy peers.

Also, noteworthy is the fact that 95% of
T1DM patients had an increased fT/fT, ratio
and 100% — during early puberty. It is the
increase in fT, and fT /T, ratio that may indi-
cate an iodine deficiency condition with a high
risk of iodine deficiency disease. Especially in
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the absence of group and individual prophylax-
is in iodine-deficient regions.

The obtained results confirm the current
data on changes in the functional state of
the pituitary-thyroid system in patients with
T1DM during pubertal hormonal changes with
development of dysthyroidism [8], which to
some extent may be not only a consequence of
metabolic changes in T1DM, but also a mani-
festation of absolute and relative iodine defi-
ciency with increasing need during periods of
active growth and puberty.

Thus, prevention of disorders of the pitu-
itary-thyroid system in adolescents with T1DM
in puberty involves not only achieving optimal
glycemic control, but also prevention of iodine
deficiency, diagnostics and correction of thyroid
dysfunction.

According to the WHO guidelines, iodine
deficiency prevention can be general, for popu-
lation groups and individual [13]. However, in
the context of wartime in Ukraine, attention
should be focused on individual prophylaxis
with the use of potassium iodide preparations
not only in risk groups but also in the entire
population of Ukraine. This is due not only to
medical reasons, but also to the social aspect
in wartime, when the risk of radiation threat
increases. Euthyroid, iodine-adequate thyroid
states are the best health protection.

General recommendations include preven-
tion of iodine deficiency before the birth of child
and at all stages of ontogeny. The daily pro-
phylactic dose for infants is 90 pg, for child-
ren 6-12 years — 120 pg, for adolescents from
12 years — 150 pg, pregnant and lactating
women receive 250 pg of potassium iodide per
day [14]. Particular attention should be paid to
children and adolescents with T1DM, among
whom there is a significant increase in the in-
cidence of thyropathies with signs of thyroid
insufficiency. Despite some peculiarities of ex-
amination and treatment of patients with co-
morbid thyroid disease, there are general prin-
ciples of prevention and correction of thyroid
dysfunction during puberty.

The first is the individual prevention of
iodine deficiency in age-appropriate prophylac-
tic doses with the use of pharmacological pre-
parations of potassium iodide, which are safe
and effective. lodomarin® 100 or Iodomarin® 200

can be used in different age categories, is pre-
scribed to pregnant women and newborns, is
well tolerated, and once daily intake meets the
daily iodine requirement. The use of dietary
supplements in patients is contraindicated, as
it may have negative consequences.

Secondly, according to previously developed
guidelines, examination and treatment of ad-
olescents with suspected thyroid pathology
should be performed after the achievement of
carbohydrate metabolism compensation [8]. Re-
garding the correction of thyroid dysfunction,
in case of AIT exclusion, monotherapy with
potassium iodide drugs in therapeutic doses
(Iodomarin® 200) or combination therapy with
potassium 1odide (Iodomarin® 100 or Iodoma-
rin® 200) and levothyroxine (L-Thyroxine
Berlin-Chemie) are prescribed. After achie-
ving the euthyroid state, it is recommended
to prescribe potassium iodide or Iodomarin®
as monotherapy for 6 months or more (as in-
dicated). After compensation of carbohydrate
metabolism is achieved in patients with T1DM
and AIT, the hypothyroidism therapy shall be
started with L-Thyroxin Berlin-Chemie in ad-
equate doses. L-thyroxin Berlin-Chemie is pro-
duced using Snap Tab technology, which en-
sures stable dose repeatability, is lactose-free,
has different dosages and can be prescribed to
patients of any age, and its packaging provides
protection against sunlight and destruction of
the active ingredient.

Thus, summarizing all the above, it is pos-
sible to draw the following conclusions:

* almost every third adolescent (36.0%)
with T1DM has signs of thyroid insuf-
ficiency of varying degrees;

* almost all adolescents with T1DM
(95.0%) are diagnosed with increased
fT,, which may be a manifestation of io-
dine deficiency during puberty;

* most often, disorders of the pituitary-thy-
roid system are diagnosed during early
puberty, when the number of patients
with signs of hypothyroidism significant-
ly increases (23.5 %);

+ prevention and correction of thyroid dys-
function is a mandatory part of the reha-
bilitation program for children and ado-
lescents with T1DM.

54

IIpobremu endokpurnoi namosnoeii Ne2, 2023



Kainiuna endokpurosioeis

REFERENCES
1. Weber G, Vigone MC, Stroppa L, Chimello G. J Pediatr 10. Shliakhova N, Chumak S. Physical Rehabilitation and
Endocrinol Metab 2003;16(2): 253-257. Recreational Health Technologies 2022;7(3): 104-110.

https://doi.org/10.15391/prrht.2022-7.21
2. Mamenko ME, Erokhina OI. Ukr Med Almanakh 2008;

11(6): 113-115. 11. Turchina SI, Nikitina LD, Kostenko TP, Shljahova NV.
Proceedings of the 16th International Scientific and
3. Turchina SI. Probl Endocr Pathol 2010;34(4): 19-25. Practical Conference 2022 Apr 26-29, Athens, 2022:
https://doi.org/10.21856/j-PEP.2010.4.03 386-389. https://doi.org/10.46299/18G.2022.1.16
4. Turchina SI. Suchasna Pediatrija 2010;33(5): 201-204. 12. Kostenko TP. Ukr Zurn Dytjachoi’ Endokrynol 2022;43-
44(3-4): 21-26. https://doi.org/10.30978/UJPE2022-3-4-
5. Turchina SI, Nachetova TA, Kashkalda DA. Sovre- 21
mennaya Pediatriya 2016;76(5): 113-116. https://doi.
org/10.15574/SP.2016.76.113 13. Assessment of iodine deficiency disorders and monito-
ring their elimination: A guide for programme mana-
6. Turchina SI, Dynnik VO. Reprod Endocrinol 2019;49: gers, World Health Organization, 2007: 180 p., avail-
29-33. https://doi.org/lO.18370/2309-4117.2019.49.29-33 able at: http://whqlibdocAwho.int/publications/2007/

. . 9789241595827 pdf, d 13 Oct 2016.
7. Biondi B, Kahaly GdJ, Robertson RP. Endocr Rev 2019; eng-pct, accesse ¢

40(3): 789-824. https://doi.org/10.1210/er.2018-00163 14. Child Endocrinology: Protocols on medical assistance to

hildren for the specialty, Kyiv, 2006: 94 p.
8. Budrejko OA. Cukrovij diabet 1 tipu u ditej i pidlitkiv: children for the specialty, Kyiv, 2006: 94 p

osoblivosti perebigu ta mozhlivosti optimizaciyi tera-
piyi, Kiyiv, 2011: 40 p.

9. Fatourechi A, Ardakani HM, Sayarifard F, Sheikh M.
Clin Pediatr Endocrinol 2017;26(2): 73-80. https://doi.
org/10.1297/cpe.26.73

PREVENTION AND CORRECTION OF THYROID DYSFUNCTION
IN ADOLESCENTS WITH TYPE 1 DIABETES AT PUBERTY STAGES

S. I. Turchina, T. P. Kostenko, L. D. Nikitina, O. V. Varodova, G. V. Kosovtsova,
S. O. Chumak, O. V. Shushliapina, N. V. Filipova, L. P. Levchuk, O. I. Yudchenko

SI «Institute of Child and Adolescent Health of the NAMS of Ukrainen,
Kharkiv, Ukraine
svetlanaturchina00@gmail.com

Aim of the study is to improve the methods of prevention and treatment of disorders of the functional
state of the pituitary-thyroid system in adolescents with type 1 diabetes mellitus (T1DM).

Materials and methods. 114 patients with T1DM aged 9-16 years (main group) and 149 healthy peers
(control group) were examined. In all adolescents, the levels of thyrotropin (TSH), free fractions of thyroid
hormones (fT, and fT,) were determined by the enzyme-linked immunosorbent assay and ratios (fT,/fT, and
TSH/AT,) were calculated. Analysis of the obtained values is carried out taking into account the level of sexual
development of adolescents.

The results of the examination of adolescents were combined into an electronic data bank, the mathematical
processing of which was carried out using the «SPSS Statistics 17.0» and «Microsoft Excel-2007» software. The
critical significance level for testing statistical hypotheses was assumed to be 0.05.

Results. At the onset of puberty, adolescents in both groups experience an increase in TSH levels in the
background of a decrease in fT, levels and an increase in the TSH/fT, ratio The TSH/fT, and fT /fT, ratios were
significantly higher in patients with T1DM than in the control group.

In the case of an individual analysis, it was found that the signs of thyroid insufficiency were most often
diagnosed during early puberty among adolescents of both groups (60.0% in patients with T1DM and 43.9% in
the control group, p < 0.05). At all stages of puberty, the incidence of patients with hypothyroidism was signifi-
cantly higher among adolescents with T1DM than in the control group (prepubertal: 16.0% vs. 6.6 %, p < 0.05,
early puberty: 23.5% vs. 0%, p < 0.05, puberty: 8.9% vs. 2.9%, p < 0.05). The inclusion of potassium iodide
(Iodomarin® 100 or Iodomarin® 200) and levothyroxine (L-Thyroxin Berlin-Chemie) in the treatment regimen
for the prevention and treatment of thyroid dysfunction is justified.

Conclusions. In adolescents with T1DM, the proportion of patients with signs of thyroid dysfunction sig-
nificantly increases due to an increase in TSH levels in the background of a decrease in T, and an increase in
T, Most often, signs of thyroid insufficiency are diagnosed during early puberty. Preventlon and correction of
thyr01d dysfunction is a mandatory part of the rehabilitation program for children and adolescents with T1DM.

Keywords: type 1 diabetes mellitus, adolescents, thyroid dysfunction.
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MPO®IIAKTUKA TA KOPEKLIA TUPEOIAHOT ANCDYHKLUIT
Y ManTKIB 13 ULYKPOBUM AIABETOM 1 TUNY
HA ETAMNMAX CTATEBOIo AO3PIBAHHA

Typuuna C. I., Kocreuxo T. II., Hikirina JI. /1., Bapogosa O. B., Kocosuora I'. B.,
Yymak C. O., Hlymaanina O. B., ®ininosa H. B., Jleguyk JI. II., FOguenxo O. 1.

IV «lncmumym oxoporu 300pos's dimeti ma nionimkie HAMH Ykpainun,
m. Xaprie, Ykpaina
svetlanaturchina00@gmail.com

Mera mocaigseHHs — yIOCKOHAIUTH METOIU IPOMIIAKTUKY T JIKYBAHHSA IIOPYIIeHb QPYyHKII0OHAIb-
HOT'O CTaHY rirnogi3apHO-THUPEOITHOI CUCTEMH Y IIJIITKIB, XBOpUX Ha IyKpoBuit miabet 1 tumy (I1JI1).

Marepiaau ta meronu. O6cresxeno 114 mamientis i3 I[J[1 y Bimi 9-16 poxiB (ocHOBHA rpylra) Ta
149 mpakKTUYHO 3T0POBUX OAHOJJITKIB (Ipylla HOPIBHAHHS). ¥ BCIX MIAJIITKIB y CHPOBATIII KPOBI iMyHOdep-
MEHTHHM MeTOAOM BH3HaueHo piBeHb Tupeorpominy (TTT), Binpaux dpaximiit tupeoinnux ropmonis (fT,
i fT,) Ta pospaxosano ix cmipimmomenna (fT /AT, ra TTI/fT,). Amanis oTpuMaHUX IIOKA3HUKIB IPOBEIEHO
3 ypaxyBaHHSM PIBHS CTATEBOr0 PO3BUTKY M1 JIITKIB.

Pesynpraru obcresxenHsa 00’eJHAHO B €JIEKTPOHHUM OaHK JaHUX, MaTeMaTHYHa 00po0Ka AKUX OyJia mpo-
BeJleHa 3a JOIOMOroi makeris mporpam «SPSS Statistics 17,0», «Microsoft Excel-2007». Kpuruunwnii piBeHb
3HAUYIIOCTI JJIs IePEeBIPKU CTATUCTUYHUX TirtoTes npuiiMagcs pisaum 0,05.

PesynbraTru. ¥ miriTkie 060X rpyIn Ha IOYATKY CTATEBOTO J03PIBAHHS Bi0yBaeThCs 301IbIIEHHS PiB-
Ha TTI ma Tri smermensa pisaa {T, Ta 36inpmenna coissinaomenasa TTI/AT, IlokasHukwm coiBBiIHONIEHD
TTT/AT,ra fT /AT, 6ynu Biporigso 6inpmumu y xBopux Ha /1, Hix B rpymi HopiBHAHHA.

IIpu imguBigyasIbHOMY aHAJI131 BCTAHOBJIEHO, IO O3HAKM THUPEOIJHON HEI0CTATHOCTI HaWJacTile BU-
3HavaJIM B IepioJ paHHLOro mybeprary cepel mimIiTriB 06ox rpyi (60,0 % cepen xBopux mHa I1J11 ta 43,9% —
B rpymni nopiBuaHH, p < 0,05). Ha Bcix eTamax crareBoro go3piBaHHS YacTOTa IIAI[IEHTIB 13 TIIIOTHPE030M
Oysia BiporigHo Oisbinon cepexn mimuriTkis 13 [[JI1, Hisk B rpymi mopiBusauHs (uperrybeprar: 16,0% mporu
6,6 %, p < 0,05, pauniit mybeprar: 23,5% nporu 0%, p < 0,05, Biracuo mybeprar: 8,9 % mportu 2,9%, p < 0,05).
O6I'PyHTOBAHO BRJIIOUEHHS 10 CXeMHU JIIKyBAHHS IIpemaparis kauino ioguay (mpemapar Mogomapuu® 100 a6o
npemapar Mogomapur® 200) ta sesoruporcuny (L-Tuporcus Beprin-Xemi) mpu npodliakTHRE Ta JTiKyBaH-
HS TUPEOoiHOI nucdyHKITII.

Bucuosxku. ¥V nigmaitiis 13 I[J[1 BiporigHo 301JIbIIYETHCSA BIJICOTOK XBOPUX, SIK1 MAIOTh O3HAKU THPEOLI-
HOI nucyHKII 3aBaaku nigsuimeHHo pisuasa TTI ma T/l 3MeHITeHHS TOKa3HUKIB fT4 Ta 301IBIIeHHSI fTS.
Haituacrime o3HaKu TEPEOITHOI HEJOCTATHOCTI J1arHOCTYIOTh B IIepio paHHbOro Irybeprary. [IpodinakTuka
Ta KOPEKI[ld THPeOoiHol qucyHKIIIT € 000B'I3KOBOI0 CKJIAJ0BOI peabliriTaliliHol IporpaMu JiTed Ta miiT-
K1B 13 IyKpoBuM giaberom 1 Tumy.

Knwouori cmosa: mykposuii miaber 1 Tuiy, miaaiTKu, TUpeoigHa quchyHKII.

56 IIpobremu endokpurnoi namosnoeii Ne2, 2023



