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Abstract. In patients with diabetes mellitus (DM), compared to normoglycemic individuals, pathology of the thyroid
gland is more common, patients with combined endocrinopathies have worse glycemic control and are more prone
to the development of complications. Thyroid hormones affect glucose metabolism through their effect on periph-
eral tissues; in turn, with type 2 diabetes mellitus (T2DM), the conversion of thyroxine into triiodothyronine in tissues
decreases, and insulin resistance (IR) and hyperinsulinemia contribute to proliferation of thyroid tissue, nodule forma-
tion, and thyroid gland growth in size. Vitamin D deficiency is observed in 70% of people with DM. Considering the
stress load of recent years, it is relevant to study the dynamics of the combination of T2DM and hypothyroidism, in-
cluding on the background of vitamin D deficiency as an aggravating factor. The aim: to evaluate the dynamics of
the proportion of elevated thyroid-stimulating hormone (TSH) levels in T2DM patients, patients with IR, and patients
without DM and IR during the period from 2021 to 2024, inclusive, and the average level of vitamin D provision as
of 2024. Material and methods. In the period 2021-2024 a prospective study was conducted, which included pa-
tients with T2DM and a glycated hemoglobin level >7%, patients with IR without DM, and patients without DM and
IR aged 19-75 years. As part of the study, the TSH level was determined in 649 patients with T2DM (group 1) aged
19-75 from different regions of Ukraine. 690 patients with IR without DM (group 2) and 665 patients without DM and
IR (group 3) were included in the comparison group. Examination for TSH was carried out annually. The results for
2021-2024 were compiled in 3 groups of patients. The assessment of the level of 25-hydroxyvitamin D (25(0H)D) was
carried out in 2024. Laboratory assessment of the level of vitamin D and TSH was carried out by chemiluminescent im-
munoassay. Results. In the studied group of patients with T2DM, a significant increase in the proportion of patients
with elevated TSH was found in 2022. In patients with IR, there is a trend of a progressive increase in the proportion of
elevated TSH from 2022 to 2024, the changes are not reliable. In the group of patients without DM and IR in the 3rd year
of the war (2024), the proportion of elevated TSH significantly increased compared to the pre-war period. The average
level of 25(0OH)D in patients with T2DM and elevated TSH is significantly lower (48.6 nmol/L) than in patients without
DM and IR (72.6 nmol/L). Conclusions. Taking into account the increase in the number of cases of elevated TSH among
patients with T2DM, patients with IR on the background of chronic stress, it is necessary to actively identify this category
of people, with the aim of clarifying the thyroid gland pathology and for correction of hypothyroidism in time. The level
of vitamin D supply in patients with combined endocrine pathology remains within the limits of vitamin D deficiency,
which increases the risks of developing of chronic complications of DM and autoimmune pathology. It is necessary to
supply sufficient correction of vitamin D deficiency in terms of duration and dose.

Keywords: type 2 diabetes mellitus, combined endocrine pathology, vitamin D deficiency, hypothyroidism, chronic
stress.
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Among endocrine diseases, DM and thyroid pa-
thology are the most common in the population,
their association is often observed in clinical prac-
tice. In patients with DM, compared to individu-
als with normoglycemia, thyroid pathology is more
common, patients with both endocrinopathies have
worse glycemic control and they are more prone to
the development of complications [1]. The range of
prevalence of thyroid pathology in patients with
T2DM ranges from 9.9 to 48% according to re-
searches [2-4].

Thyroid hormones affect glucose metabolism
through their effect on peripheral tissues (the gas-
trointestinal tract, the liver, the skeletal muscles,
the adipose tissue, the pancreas). In T2DM, the
conversion of thyroxine into triiodothyronine in
peripheral tissues decreases, and insulin resistance
and hyperinsulinemia contribute to the prolifer-
ation of thyroid tissue, nodulation, and thyroid
growth [5]. Insulin resistance can develop in sub-
clinical hypothyroidism as a result of a decrease
in the rate of insulin-stimulated glucose transport
caused by the translocation of the glucose trans-
porter type 2 (GLUT 2) gene, which plays a crucial
role in the pathogenesis of both T2DM and thyroid
dysfunction [6]. The connection between thyroid
hormones and T2DM is based on a number of bi-
ochemical and molecular events, gene polymor-
phism, disruption of gene expression and regula-
tion, as well as disruption of glucose absorption in
the intestines, reduction of peripheral utilization of
glucose in tissues, changes in the process of hepatic
gluconeogenesis [7].

Among the features of combined endocrine pa-
thology like T2DM and thyroid pathology, it should
be noted that some observational studies indicate
a connection between thyroid cancer and T2DM,
especially in women, as well as an increased risk
of medullary carcinoma of the thyroid gland after
treatment with glucagon-like peptide receptor ago-
nists-1, hyperinsulinemia directly enhances cancer
progression through overexpression of insulin re-
ceptors or indirectly through IGF-1 signaling [1].
Han C. et al. conducted a systematic review of the
correlation between subclinical hypothyroidism
and T2DM and estimated the prevalence of sub-
clinical hypothyroidism in DM at 10.2%, compared
with the general population, where the prevalence
of subclinical hypothyroidism varies from 4% to 9%
according to different authors, and the prevalence
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of overt hypothyroidism was 5.7% in patients with
T2DM compared to prevalence 1.8% in individuals
with normal glycemia, which indicates the existing
correlation between T2DM and hypothyroidism
[8, 9]. A large-scale cross-sectional study by Gu Y.
et al. demonstrated that levels of TSH, free thyrox-
ine (T4), and triiodothyronine (T3) correlate with
the risk of T2DM, even when they are within the
normal range [10].

The effect of DM on thyroid function is real-
ized by changing the level of TSH and inhibiting
the peripheral tissue conversion of T4 into T3. In
patients with DM and normal thyroid function,
the nocturnal peak of TSH is absent or weak, and
the response of TSH to thyrotropin-releasing hor-
mone is impaired [11]. In obese patients, elevated
leptin levels stimulate the hypothalamus-pitui-
tary-thyroid axis and lead to increased TSH levels.
Vitamin D deficiency occurs in 70% of individuals
with DM, and under this condition deiodinase II
inactivation leads to decreased transcription of
glucose transporter 4 (GLUT4) in skeletal muscle
and adipose tissue, thus causing IR and thyroid
carcinogenesis [ 12, 13]. Taking into account stress
in the recent years (formation of the post-Covid
syndrome, the distress of the russian-Ukrainian
war), it is relevant to study the dynamics of the
combination of T2DM with hypothyroidism, on
the background of vitamin D deficiency, since such
a combination mutually aggravates the course of
the pathology.

The aim of the work was to evaluate the dy-
namics of the proportion of elevated TSH levels
in T2DM patients, patients with IR, and patients
without DM and IR during the period from 2021
to 2024, including the average vitamin D status in
2024 year.

Material and methods

In the period 2021-2024 a prospective study was
conducted, which included patients with T2DM
and glycated hemoglobin level >7%, patients with
IR without DM, and patients without DM and IR
aged 19-75 years. Exclusion criteria were: T2DM
with severe chronic complications, glycated hemo-
globin level <7%, acute inflammatory processes,
oncological diseases, body mass index >40 kg/m?
taking antidepressants, vitamin D drugs less than
2 months before the study.
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As part of the study, the TSH level was determined
in 649 patients with T2DM aged 19-75 (group 1).
690 patients with IR without DM (group 2) and
665 patients without DM and IR (group 3) were
included in the comparison group. The groups were
comparable in terms of age and sex. General charac-
teristics of patients are presented in Table 1.

Table 1. Characteristics of 3 groups of patients included in the study

Indicators Before war 2022 2023 2024
T2DM
n 164 142 172 171
Age, years 40.2+2.5 422440 384432 412425
Gender, M/F 49/115 40/102 45/127 43/128
BMI, kg/m? 324+44 33.6£5.1 325432 346440
HbA1c% 84+1.6 8.5+1.7 8.8+1.5 79421
HOMA index 6.4+1.8 59435 45+25 5.8+3.0
IR without DM
n 126 184 191 189
Age, years 39.1£33 412428 432431  415£35
Gender, M/F 42/84 55/129 50/141 45/144
BMI, kg/m? 334£35 353+28  36.8+£56  352+45
HbA1c% 5.7%0.7 5.6+04 5.9+0.5 5.5+06
HOMA index 7.2£3.8 6.2+3.5 49120 5722
Without DM and IR

n 172 160 156 177
Age, years 41.0+£2.6 40632  37.8+47 391431
Gender, M/F 58/114 50/110 42/114 41/136
BMI, kg/m? 274+£3.7 266464  29.1£35 311445
HbA1c% 54+0.2 4.9+0.6 52404 52403
HOMA index 2103 1.9+04 1.6+0.3 1.9+£0.5

In 2024, vitamin D status was determined in pa-
tients whose TSH level exceeded 4.0 mlU /L.

TSH research was carried out annually. The re-
sults for 2021, 2022, 2023, 2024 were compiled in 3
groups of patients. The assessment of the 25(OH)D
level was carried out in 2024.

The following methods and criteria were used
in the statistical evaluation of the results: the xi-
square test was used for comparison, posterior com-
parisons were carried out according to Fisher’s ex-
act test, taking into account the Bonferroni correc-
tion. Statistical calculations were performed using
the Statistical software EZR v. 1.54 (graphical user

interface for R statistical software version 4.0.3,
R Foundation for Statistical Computing, Austria).

Laboratory evaluation of vitamin D level was
carried out in the morning fasting using «25-hy-
droxycalciferol» test, which was performed by
CLIA - chemiluminescent immunoassay meth-
od. Determination of TSH was also carried out by
chemiluminescent immunoassay, by highly sensi-
tive, biotin-independent method.

According to the conclusion of the Ethics Com-
mittee of O.0. Bogomoletz National Medical Uni-
versity (protocol No. 18 dated June 6, 2023), the
study fully complied with ethical, moral and legal
requirements in accordance with the Order of the
Ministry of Health of Ukraine No. 281 dated No-
vember 1, 2000, the Declaration of Helsinki of the
World Health Organization on the Ethical Prin-
ciples of Conducting Scientific Medical Research
with Human Participation.

Results and discussion

In the examined T2DM patients of study group,
a significant increase in the proportion of patients
with elevated TSH was found in 2022 (p<0.05). In
patients with IR, there is a trend of a progressive
increase in the proportion of elevated TSH from
2022 to 2024, the changes are not reliable. In the
group of patients without DM and IR in the 3" year
of the war (2024), the proportion of elevated TSH
significantly increased compared to the pre-war pe-
riod (p<0.05) (Table 2).

TSH levels are distributed taking into account
the reference values: 0.4-4.0 mIU /L.

The average levels of 25(OH)D in 3 compared
groups with elevated TSH were for T2DM group
48.6+5.4 nmol/L, for IR group 61.2+7.5 nmo-
/L and for group without T2DM and IR 72.6+
£8.4 nmol /L. A significantly lower 25(OH)D was
observed in the group of patients with T2DM
compared to the group without T2DM and IR
(p<0.05).

Thus, based on previous scientific data, the anal-
ysis of thyroid function indicators in patients with
DM is very important and contributes to the early
diagnosis of disorders that are clinically asympto-
matic or may be masked by other diseases. This is
evidenced by the data obtained, which demonstrat-
ed a significant increase in plasma TSH levels in
28.6% of cases of T2DM [5,7].
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Table 2. Distribution of TSH in the groups of patients in the period 2021-
2024, abs. (%)

TSH
level, Before war 2022 2023 2024 p
miU/L
T2DM
n=164 n=142 n=172 n=171
<04 3(1.6%) 14 (9.5%) 5 (2.8%) 3 (1.9%)
04p04 148(90.6%) 101 (71.4%) 150(87.5%) 152(89.0%) 0.018
>4 13(7.8%)  27(19%)*  17(9.7%) 16 (9.1%)
IR without DM
n=126 n=184 n=191 n=189
<04 4(3.1%) 3(1.8%) 4(2.1%) 5(2.7%)
04p04 110(87.6%) 162 (88.0%) 165(86.5%) 160 (84.6%) 0234
>4 12(94%)  19(102%) 22(11.4%) 24 (12.7%)
Without DM and IR
n=172 n=160 n=156 n=177
<04  6(3.3%) 4(2.6%) 3(2.1%) 4(2.1%)
04p04 157(914%) 145(90.4%) 139(89.1%) 158(89.0%) 0.019
>4 9 (54%) 11(7.0%) 14 (8.8%) 16 (8.9%)*

Note. xi-square test was used for comparison; * p<0.05 compared to the
before war.

The proportion of cases of elevated TSH among
T2DM in our study ranged from 7.8% to 19%,
which compared to literature data on concomitant
hypothyroidism is higher (an average of 5.7%), and
the proportion of cases of elevated TSH among pa-
tients without T2DM and IR ranged from 5.4% to
8.9%, which is also higher compared to literature
data (1.8% on average), which may indicate an
additional consolidated negative effect of chron-
ic stress on the pathogenesis of T2DM and hypo-
thyroidism, since the IR state affects the function
of the hypothalamus-pituitary-thyroid axis [8, 9].
Chronic stress also affects this axis: due to an in-
crease in the level of cortisol, changes in the pro-
cesses of excitation/inhibition in the cerebral cor-
tex and subcortical structures [14]. Generally, data
from other researchers indicate that the diagnosis
of hypothyroidism in patients with diabetes was
not always established in time due to the fact that
typical hypothyroidism complaints of dry skin,
memory impairment, muscle weakness, fatigue, etc.
were long associated with the presence of diabetes
and its complications [5,12].
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In all groups of patients, the proportion of ele-
vated TSH increased in 2022, which could be asso-
ciated with a violation in the provision of hormone
replacement therapy (L-thyroxine), stress and
stimulation of the development or exacerbation of
existing thyroid autoimmune pathology, decom-
pensation of DM, development of IR and chronic
complications of DM.

The results of the study of vitamin D levels of
supply in patients were assessed according to the cri-
teria of the Ukrainian experts consensus statement
«Diagnosis, prevention and treatment of vitamin D
deficiency in adults» [15]. According to the State-
ment, the body is sufficiently supplied with vitamin
D when the level of 25(OH)D in the blood reaches
100-125 nmol /L. A decrease in the indicator to less
than 75 nmol /L is considered as vitamin D deficien-
cy, as a result of which the protective functions of the
body decrease and chronic diseases get worsened.
Vitamin D deficiency is diagnosed when the level of
25(0OH)D in the blood is less than 50 nmol /L.

The average level of 25(OH)D in group of pa-
tients with T2DM and increased TSH, was signif-
icantly lower (48.6 nmol /L) than in patients with-
out DM and IR (72.6 nmol /L), which confirms the
results of previous studies, according to which in
T2DM there is a larger proportion of patients with
vitamin D deficiency, compared to the population
without DM, where a milder form of vitamin D
insufficiency prevails. Besides, previous studies re-
vealed a negative correlation between the degree
of vitamin D supply in the body and the level of
TSH in the blood; the more pronounced vitamin D
deficiency in the body was accompanied by worse
thyroid gland function [12]. Patients with IR in
our study showed the higher level of 25(OH)D
(61.2 nmol /L), it was in the range of vitamin D in-
sufficiency.

Conclusions

Taking into account the increase in the num-
ber of cases of elevated TSH among patients with
T2DM, patients with IR on the background of
chronic stress, it is necessary to actively identify
this category of people, with the aim of clarifying
the thyroid gland pathology and for correction of
hypothyroidism in time.

The level of vitamin D supply in patients with
combined endocrine pathology remains within the
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limits of vitamin D deficiency, which increases the
risks of developing of chronic complications of DM
and autoimmune pathology. It is necessary to sup-
ply adequate (sufficient in duration and dose) cor-
rection of vitamin D deficiency in patients, which
will improve their quality of life and postpone the
development of complications.
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[MoeAHaHa eHJOKPMHHA NATONOriA B YMOBAX
XPOHIYHOr 0 CTpecy BiiiHn

M.l. Bo6puk, 10.1. KomicapeHko

HauioHanbHuin MegnuHmi yHisepcuteT im. O.0. boromonbua

Bctyn. Y nauienTis i3 LI, nopisHAHO 3 ocobamu 3 HOpMOTAikeMielo,
natonoria 3 € 6inbWw nowmpeHow, MNaUiEHT 3 MNOEAHAHUMM
€HOKPUHOMATIAMM  MaIOTb  TIPLUMIA  KOHTPOMb rikemii Ta 6inbw
CXMAbHI [0 PO3BWTKY YCKMAfHEHb. TUPEOIAHI TOPMOHW BMIMBa-
0Tb Ha MeTaboni3Mm [IOKO3M Yyepes Aitlo Ha nepudepuuHi TKaHw-
HW, CBOE0 Yeproio 3a L2 3mMeHWwyeTbCA NepeTBOPeHHA TMPOKCH-
HYy B TPUMNOATMPOHIH Y TKaHWHaX, a PE3NCTEHTHICTb A0 IHCYMiIHY Ta
rinepiHcyniHemia cnpusatoTb Nponidepaii TkaHuH L3, By3noyTeopeH-
Hio, pocTy W3y po3mipax. Aediunt sitaminy D cnocTepiraeTbca 8 70%
0ci6 i3 LI[]. BpaxoBytoun CTpecoBe HaBaHTaKEHHA OCTaHHIX POKIB, ak-
TyanbHUM € JOCIIKEHHA ANHAMIKL NoeaHaHHA L2 3 rinoTvpeo3om,
30KkpemMa Ha i gediunty BitamiHy D, AK 00TAXYyBanbHOroO dakTopa.
MerTa: OUiHNTK AVMHaMIKy YaCTKu nigsuleHoro pisHA TTI y nauieHTis
i3 U[12, nauienTis 3 IP Ta nauiexTis 6e3 LI i IP npotarom nepioay 3 2021
10 2024 poky BKNIOYHO | cepefHiit piBeHb 3abe3neueHHs BitamiHom D
CTaHOM Ha 2024 pik. Matepian Ta metoau. 3a nepiog 2021-2024 pp.
6yno npoBeAeHO MPOCMeKTUBHe AOCMIAXEHHS, B AKE BKIIOYanucs
nauient 3 L2 i piBHem rnikoBaHoro remornobiHy >7%, nauieHTu 3
iHcyniHope3wucTeHTHicTio (IP) 6e3 LA i nauienTv 6e3 LU i IP Bikom 19-75
POKIB. Y pamKkax gocnifxeHHs piseHb TTI BM3HaueHO B 649 nauieHTiB
i3 UA2 (rpyna 1) Bikom 19-75 pokis i3 pi3Hnx perioHis YkpaiHu. Y rpy-
Ny NopiBHAHHA bynu BkoueHi 690 nauierTis 3 IP 6e3 U (rpyna 2), i
665 nauienTis 6e3 L i IP (rpyna 3). O6cTexeHHa Ha TTT npoBoamnocs
wopiuno. Gopmysanucs peynstati 3a 2021, 2022, 2023, 2024 pp. y
3 rpynax nauieHTis. OuiHka pisHA 25-rigpokcusitTamiHa D 6yna npo-
BeaeHa y 2024 poui. JlabopatopHa ouiHka pigHA BiTamiHy D i TTI npo-
BOAMNACA METOLOM  XeMiNOMIHECLEHTHOrO iIMyHOaHanizy. Pesynb-
TaTun. B obcTexeHnx nauieHTiB gocnimkysaHoi rpynu L2 Buasunn
BipOrifjHe MiABULLEHHA YaCTKM XBOPWX i3 nigsuieHum TTIy 2022 pouyi.
Y nauieHTis 3 IP cnoctepiraeTbCa TeHAEHUIA NPOrpagieHTHOrO POCTy
vacTkm nigsuweroro TTT 3 2022 go 2024 poky, 3MiHW He BiporigHi. Y
rpyni nauienTis 6e3 L i IP Ha 3-my poui BiliHM (2024 pik) BiporigHo
36inblmnnaca yactka nigsuuieHoro TTT, MOPIBHAHO 3 [JOBOEHHVM
nepiogom. CepenHirt piseHb 25(0H) D y nauienTis L2 i nigsnileHHAM
TTI BiporigHO HWxuMin (48,6 HMONB/N), HiX y nauieHTis 6e3 L[ i
IP (72,6 HMonb/n). BUCHOBKM. BpaxoBytouy picT YacTKW BMNaaKis
ninsuweHoro TTI cepen L2, nauienTis 3 IP Ha Thi XpoHiuHOrO CTpe-
Cy, HEeOOXiIHO MPOBOAUTM aKTUBHE BUABNEHHSA L€l KaTeropii ocio, i3
METOI0 YTOUHeHHA natonorii L3 i ceoeyacHo! KopeKLii rinotnpeosy.
PiBeHb 3abe3neyeHocTi BiTamiHOM D nauieHTiB i3 NOEAHAHO0 eHo-
KPUHHOIO NMaTOMOri€0 3aNMWAETLCA B Mexax AebiunTy BitamiHy D, Wwo
NiABWILLYE PU3MKM PO3BUTKY XPOHIYHMX YCKNagHeHb LI, aBToiMyHHOT
naTonorii. HeobxigHO NPOBOANTY AOCTATHIO 3a TPMBAMICTIO i 103010
Kopekuito gediunTty BitamiHy D.

KniouoBi cnoBa: LiykpoBuii fiabeT 2-ro Tmny, NoeAHaHa eHAOKPHUHHA
natonoris, AediuunT BitamiHy D, rinoTypeos, XpoHiuHwiA cTpec.
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