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stage or overall TNM classification (p>0.05).
The only exception was the N category (regional
lymph nodes) of the TNM classification, which
differed significantly between the groups (p=0.04).
Nevertheless, the Cochran-Armitage test revealed
statistically significant linear trends for disease stage
(x*=4.1; p=0.04) and for the T and N categories of
the TNM classification (x*=4.5; p=0.03 and x*=6.0;
p=0.02, respectively). The test was not performed
for the M category (metastases) because this variable
was binary. Thus, as disease severity increased, the
proportion of patients reporting OOP payments also
increased. OOP payments were less frequent among
patients with localized disease (stages 0-II), T0, Tis,
and T1 tumors, and NO or N1 nodal status according
to the TNM classification, whereas they were more
frequent among patients with more advanced
disease.

Patients with metastases and those reporting

disease progression incurred OOP payments
significantly more frequently (p<0.001 and p=0.001,
respectively).

DISCUSSION

In a systematic review, Iragorri et al. [17] found
that CRC is associated with a higher burden of OOP
payments among cancer patients. Furthermore,
cancer patients in low- and middle-income countries
may incur OOP costs amounting to 42% of their
annual income, compared with 16% in high-income
countries.

From a clinical perspective, disease stage and TNM
classification are important determinants of prognosis
in patients with CRC; however, a higher stage is not
always associated with a poorer prognosis [9, 10]. For
example, according to the NCCN guidelines for rectal
cancer, the T category of the TNM classification is of
particular prognostic importance. Specifically, the
prognosis for stage IIIA (T1-T2) is more favorable
than that for the lower stages IIA (T3), IIB (T4a), and
IIC (T4b), which are characterized by a greater extent
of tumor invasion according to the T category [9, 10].
In the present study, an increase in the T category
was accompanied by a statistically significant linear
trend toward a higher frequency of OOP payments
(p=0.03). Similarly, Rose et al. [18] reported that the
magnitude of OOP payments consistently increased
with increasing disease stage. The present study also
demonstrated a statistically significant linear trend
toward a higher frequency of OOP payments with
advancing disease stage (p=0.04). However, Donkor
et al. [8] found no association between disease stage
and financial toxicity, whereas Shao et al. [7] identified
disease stage as a significant factor associated with
this phenomenon.
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The presence of metastases can double OOP
payments during CRC treatment [11], which is
consistent with the statistically significant difference
in OOP payment frequency observed in the present
study. Specifically, OOP payments were more frequent
among patients with metastases (39.5%) than among
those without metastases (21.6%).

The present study also demonstrated statistically
significant differences between the OOP payment
groups in the N category of the TNM classification,
but not in the T or M categories. These findings are
consistent with the review by Yu et al. [19], which
identified lymph node involvement as a class I negative
prognostic factor for CRC, based on strong evidence.
According to that review, lymph node involvement is
an important determinant of poorer prognosis. The
higher frequency of OOP payments observed among
patients with lymph node involvement may therefore
reflect the greater clinical severity of disease and its
potential association with poorer prognosis.

Prolonged time to treatment initiation for
chemotherapy is associated with reduced overall and
disease-specific survival [20, 21], which aligns with
the higher prevalence of OOP payments observed
among patients with a waiting period exceeding
2 months in the present analysis.

The findings indicate that the setting of
chemotherapy administration  (outpatient  vs.
inpatient) was not associated with the frequency of
OOP payments. However, according to Joo et al. [22],
outpatient chemotherapy may reduce treatment-
related healthcare costs.

Donkor et al. [8] specifically investigated treat-
ment-related financial toxicity among cancer pa-
tients in low- and middle-income countries. The
authors found that patients who received more than
six chemotherapy cycles were nearly twice as likely
to experience financial toxicity (p=0.05). In the
present study, no statistically significant difference
was found between the groups with regard to the
number of completed chemotherapy cycles (p=0.09).
However, a statistically significant linear trend
toward an increasing frequency of OOP payments
was observed as the number of completed cycles
increased (p=0.03).

According to Ben-Aharon et al. [15], patients’
willingness to incur OOP payments in cancer care
is influenced not only by disease stage but also
by subjective perceptions of treatment benefits,
including the potential for symptom relief, improved
quality of life, and prolonged survival.

According to the literature, body weight and
changes in body weight are important prognostic
indicators of survival in patients with CRC.
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Specifically, underweight patients (BMI <18.5 kg/m?)
have a significantly higher risk of postoperative
complications and 30-day mortality and poorer
overall survival than normal-weight patients,
regardless of cancer stage [16,23]. Hu et al. [12]
further reported that weight loss, particularly
exceeding 5%, is an unfavorable prognostic factor for
survival. Low BMI and weight loss may reflect not
only nutritional deficiency but also cancer cachexia
and increased metabolic activity associated with
more aggressive disease, potentially accompanied by
systemic inflammation. Accordingly, underweight
patients and those experiencing substantial weight
loss may have a higher risk of disease recurrence and
mortality. Li et al. [24] also identified underweight
as a negative prognostic factor for CRC, while Yu et
al. [19] emphasized sarcopenia as another adverse
prognostic factor.

Arkenbosch et al. [23] reported that underweight
is frequently associated with a more severe disease
course and more advanced tumor stage. Conversely,
Arkenbosch et al. [23], Li et al. [24], and Zhang et
al. [25] described the potential protective effect of
overweight and the “obesity paradox,” which has
been associated with better overall and disease-
specific survival in some patient populations. Yu et
al. [19] identified higher nutritional status scores
as an important independent prognostic factor for
improved overall survival.

It may be hypothesized that greater energy reserves
enable patients to better tolerate the toxic effects of
chemotherapy, particularly in advanced stages of
disease. However, the relationship between body
weight and prognosis is not linear, and obesity may
also be associated with an increased risk of adverse
outcomes. Furthermore, Hu et al. [12] reported a
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lower risk of death among patients with stable body
weight or weight loss of up to 5%.

In the present study, OOP payments were
more frequent among underweight patients (BMI
<18.5 kg/m?) and those with substantial weight loss
(210%) (p<0.05). This finding may reflect patients’
perception of weight loss as an indicator of poor
prognosis and their greater willingness to incur OOP
payments in the context of an unfavorable perceived
prognosis. However, this interpretation remains
hypothetical and requires further investigation.

CONCLUSIONS

The study findings indicate that patients with a
higher frequency of OOP payments were characte-
rized by a more advanced course of colorectal cancer
and a longer waiting period before initiation of
chemotherapy (more than 2 months). OOP payments
were more frequently observed among patients
with more advanced disease according to the TNM
classification, metastases or disease progression, those
receiving palliative chemotherapy, and those who
had completed a greater number of chemotherapy
cycles. Notably, OOP payments were associated with
indicators of nutritional depletion, including lower
BMI, BMI <18.5 kg/m?, substantial (=10%) weight
loss over 5 years, and a more pronounced decrease
in BMI over the same period. Overall, these findings
highlight the need to improve the entire cancer care
pathway for patients with CRC.

To reduce OOP payments among CRC patients
receiving chemotherapy, healthcare facilities should
consider implementing an electronic waiting list,
ensuring closer monitoring of patients with disease
progression, metastases, or nutritional depletion, and
establishing regular managerial oversight of delays in
the provision of medical services.
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OCOBJINBOCTI YACTOTU NJIATEXIB 3 BJIACHOI KALLEHI
MALIIEHTIB NMPU XIMIOTEPANII KONIOPEKTAJIbHOIO PAKY
3 PISHUMU KNTIHIYHUMU

& TA AHTPONMOMETPUYHUMU NMOKA3HUKAMHU

AHppiin 0. MapaHoB
HauioHanbHuin megnunuii yHisepcuteT iMeHi 0. 0. Boromonbusg, M. Kuis, YkpaiHa

PE3IOME

BcTyn. ITompy nporpec y JOCTYIHOCTI MeUYHUX ITOCYT IIiC/IA 3allpOBaJKEHHA YMHHOI pepOpMI OXOPOHU 3710-
poB’st y 2017 poui, mpobnema rratexis 3 BracHol kuiteni (II3BK) 3anmmiraerscs akryanbHoro. KomopexTanbHnmit
pax (KPP) BxopuTbh 0 Tpiliku HailnoMMpeHINIX OHKOJIOTIYHUX 3aXBOPIOBaHb B YKpaiHi Ta mocigae fpyre micre
3a piBHEM CMEPTHOCTI.

MeTa. JJocmiguTy 4acTOTY IIaTeXiB 3 BTACHOI KMIIeHi y IallieHTiB, IKi IPOXOAATDb XiMioTepaneBTHUYHe TiKyBaHHA
KOJIOPEKTa/IbHOTO PaKy, 3a/IeXKHO Bifl K/IIHIYHNMX Ta aHTPONIOMETPMYHMX IIOKa3HMKIB.

Matepianu Ta MeToaun. ¥V MeXax MOIIEpeIHOro ZOCIiKeHHs O0y/I0 onnTaHo 459 maiieHTiB, sIKi IPOXOAVIN TiKy-
BaHHA 3 nnpuBoAy KPP B Ykpaini 3 1 munua 2023 poxy no 30 yepBHa 2024 poKy B MeXax XiMioTepaneBTUYHOTIO
maketa IIporpamm MeguuHux rapasTiit. IlanieHTiB 6y/10 posmofineHo Ha [Bi TPy 3a/lIeXXHO Bif HasABHOCTI abo
BifcyTHOCTI IT3BK (121 Ta 338 oci6 BifmoBigHO). AHKeTa BK/IIOYa/Ia YOTUPYU IPYIM IUTaHb,  CaMe: 3arajIbHy iH-
dbopmariito, ctaBieHHs Ko HedopManTbHUX IIaTeXiB, KiHiuHi faHi mauientiB i3 KPP, 30kpema crapito 3axBopio-
BanHA Ta TNM-K1acudikariio, 0co611BocTi XiMioTepaeBTUYHOrO TIKYBaHHS, a TAKOXX aHTPOIIOMETPUYHI OKas3-
HMKM — Macy Tina ta 3pict. [list MOpiBHAHHSA TPyl BUKOPUCTOBYBaIM Kputepiit X> a6o Tounuit kpurepiit Pimepa
(AK1o OviKyBaHa YacTOTa B OyAb-sKill rpymi 6y/1a MeHIO!0 3a 5). [/ aHa/Iisy HassBHOCTI JIiHITHOrO TPEHY BUKO-
pucroBysamu Tect Koxpana—Apwmitaxa. CratucTnany 06poOKy JaHUX IIPOBORMIN 32 JOIIOMOTOI0 MOBY IIPOrpa-
MyBaHHA R Bepcii 4.3.1 3 rpadivunoio o6ononkorw EZR Bepcii 1.64.

PesynbTaTti. 3a pesynbTaTaMy JOCTIIKeHH BCTAHOBIEHO CTATUCTUYHO 3HAYYIY Pi3HMIII0 MK TPyIIaMu 3a 3filic-
HeHHsM II3BK mjono xommonenta N kmacudikanii TNM (p=0,04), a TakoXX CTATUCTUYHO 3HAYYLIMIT TiHIAHMI
TPeHJ IOf0 CTafii 3axBopioBaHHs Ta koMroHeHTiB T i N kmacudikanii TNM (X2=4,5; p=0,03 Ta x2=6,0; p=0,02
BIfIITOBIIHO), YaCy OYiKyBaHHsI IIKyBaHHsI Ta Ki/IbKOCTI 3aBepLIeHNX LMKJIB XiMioTeparrii (X2:4,3; p=0,04 Ta X2:4,9;
p=0,03 BignoBifHO). 3i 36inbIIEHHAM 3HAYEHD IMX 3MIHHUX criocTepiranacs Bumia yactora [13BK. Kpim Toro, yac-
Tilre 3pilfiCHIOBa/MM IUIaTeXi NMalieHTy, ki OTpMMYyBamyu ManiaTuBHy XimioTepamito (p=0,001), Maau MeTacrasu
(p<0,001) a6o mporpecito 3axBoproBanHs (p=0,001), Hyvokunit ingekc macu tima (IMT) (p<0,001), 6inbiumit Bifco-
TOK BTpaTy Macy Tifna 3a 5 pokiB (p=0,024) ta 6inbm Bupaxene sHKeHHs IMT 3a 5 pokis (p<0,001). BogHouac
CTAaTUCTUYHO 3HAYYILIMX BifMiHHOCTel MDK IpynaMu nanieHTis 3a popmolo opranisauii ximiorepanii (ambynaTop-
HOIO 4M CTalliOHApHOI0) He BusiBeHO (p>0,05).
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BucHoBKM. 3a pesynbraTaMu HOCTiKeHHA BCTAHOBJIEHO, IO MAIlieHTH 3 B[O dYacToTolo II3BK xapakrepusy-
Ba/IUCA OUIBII TSDKKMM IepefiroM KOJopeKTalbHOTO PaKy Ta TPMBaIIIMM HepiofloM OYiKyBaHHA IOYATKY XiMio-
TepaneBTUYHOrO JIiKyBauHs (moHag 2 Micsni). Yacrime II13BK cocrepiranu cepen marjieHTiB i3 6ipur mommmpe-
HYM NyXIMHHKMM IpouecoM 3a TNM-knacugikauiero, HasBHICTIO MeTacTasiB abo mporpecii 3aXBOpIOBaHHS, SIKi
OTPUMYBA/IM AIIATUBHY XiMiOTeparIifo Ta Many OIbIIY KiIIBKICTh 3aBepleHnX HMKIB XiMioTepamii. Oxpemo crif
BigsHaunTy 38’5130K II13BK i3 mokasHMKamMy HYTPUTMBHOTO BUCH@XKEHHs, 30KpeMa HIDKYMM iHIEKCOM MacH Tina,
IMT <18,5, 3HayHo10 (210%) BTpaTOI0 Macy Tina 3a 5 pokiB Ta 6111 BupaxkeHuM sHbkeHHAM IMT 3a neii nepiop,.
3a3HaveHi pe3y/IbTaTy OOIPYHTOBYIOTb HEOOXINHICTb YHOCKOHATIEHH BChOI'O MapIIPYTy OHKOJIOTiYHOI JOIIOMOTH
nanienTtam i3 KPP,

3 metoro 3ameHmmenHA [13BK y nanientis i3 KPP mig yac orprmanns ximioTeparnii Ha piBHI 3aK/TafiiB OXOpOHU 370-
por’s (303) fo1ibHO 3apOBaiUTH eIeKTPOHHUI JIMCT OYiKyBaHHS, IIOCYINTY YBary [0 MallieHTiB i3 mporpecieio
3aXBOPIOBAHHS, MeTacTa3aMyl a00 HYTPUTUBHUM BUCHRXKEHHSM, @ TaKOX 3a0e3NeUNTy peryIspHUIl YIIpaBliH-
CbKMII KOHTPOJIb 3a 3aTPMMKaMI B HaJJaHHI MeIMYHNX IIOC/IYT.

KntouoBi crioBa: BUTpaTy Ha OXOPOHY 3[J0POB s, iHAEKC MacH Ti/la, MegMYHa OHKOJIOTiA, OpraHi3allisi OXOpOHM 3710-
POB's, coLiaNbHO-eKOHOMIYHI paKTOpy, CTaAil0BaHHSI HOBOYTBOPEHb, (PiHAHCYBaHHS OXOPOHM 3[,0POB'A.
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\ STEATOTIC LIVER DISEASE COMBINED WITH
A HYPOTHYROIDISM
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ABSTRACT

Introduction. A number of studies confirm a close pathophysiological relationship between thyroid dysfunction
and metabolic liver disorders. In this regard, assessment of thyroid status in patients with metabolic-associated
steatotic liver disease (MASLD) is of important clinical and prognostic significance. Therefore, monitoring and
timely correction of thyroid function may be considered an integral component of a comprehensive therapeutic
approach in patients with MASLD.

Aim. To evaluate the lipid profile, including total cholesterol, low-density lipoprotein cholesterol (LDL-C), very-low-
density lipoprotein cholesterol (VLDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides, in patients
with MASLD combined with subclinical hypothyroidism, overt hypothyroidism, and normal thyroid function.
Materials and Methods. A total of 70 patients with MASLD were enrolled in the study and divided into three groups.
Group 1 included 28 patients with MASLD and subclinical hypothyroidism. Group 2 comprised 22 patients with
MASLD combined with overt hypothyroidism associated with diffuse nodular goiter and autoimmune thyroiditis.
Group 3 included 20 patients with MASLD without thyroid dysfunction and served as the control group.

Results. In Group 1, lipid profile analysis revealed increased levels of total cholesterol, LDL-C, triglycerides, and
VLDL-C, accompanied by decreased HDL-C levels. In Group 2, significantly elevated levels of total cholesterol,
LDL-C, triglycerides, and VLDL-C were observed, together with a marked reduction in HDL-C compared with
Group 3. In patients with MASLD without hypothyroidism, lipid parameters remained within reference ranges or
demonstrated only mild elevations.

Conclusions. The presence of subclinical or overt hypothyroidism in patients with MASLD is associated with more
pronounced disturbances in lipid and carbohydrate metabolism.

Keywords: metabolic-associated steatotic liver disease, thyroid gland, hypothyroidism, biochemical blood analysis,
cholesterol, low-density lipoprotein cholesterol (LDL-C), triglycerides, very low-density lipoproteins (VLDL), high-
density lipoprotein cholesterol (HDL-C).

INTRODUCTION

According to current estimates, the global
prevalence of metabolic dysfunction-associated
steatotic liver disease (MASLD) in the general
population has increased from approximately
25% in 2016 to more than 30%, and its prevalence
continues to rise. It is estimated that approximately
10-30% of individuals with isolated hepatic steatosis
may progress to steatohepatitis and advanced liver
disease; however, this risk is substantially higher in
the presence of type 2 diabetes mellitus (T2DM),
among patients with which hepatic steatosis has been
reported in 42-65% of cases. Among patients without
diabetes, subclinical hypothyroidism has also been
reported at a substantial frequency.
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MASLD is one of the most common chronic
liver diseases worldwide and is closely associated
with metabolic syndrome and its components.
Contemporary epidemiological studies indicate that
the prevalence of MASLD exceeds 30-35%, with a
markedlyincreased riskamongindividuals with insulin
resistance, obesity, T2DM, and hypothyroidism [1].
The thyroid gland plays a pivotal role in the regulation
of energy and lipid metabolism. Thyroid hormones,
particularly triiodothyronine (T3) and thyroxine (T4),
stimulate the expression of low-density lipoprotein
(LDL) receptors and regulate the activity of lipoprotein
lipase, hepatic lipase, and enzymes involved in
fatty-acid P-oxidation. Reduced thyroid function,
including subclinical hypothyroidism, may impair
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these processes and contribute to the accumulation of
atherogenic lipoproteins in the bloodstream [2].

Triiodothyronine (T3) and thyroxine (T4) are
principal regulators of gene expression controlling
B-oxidation of fatty acids, lipolysis, apolipoprotein
synthesis, and cholesterol metabolism. Under
physiological conditions, thyroid hormones stimulate:

o hepatic lipase and lipoprotein lipase activity,
ensuring triglyceride catabolism;

o LDL receptor expression in hepatocytes, acce-
lerating LDL clearance;

« transformation of very low-density lipoproteins
(VLDL) into high-density lipoproteins (HDL),
thereby maintaining lipid balance.

In hypothyroidism, particularly overt
hypothyroidism, these mechanisms are impaired:
apolipoprotein Al and apolipoprotein B synthesis
decreases, triglyceride metabolism slows, and
LDL clearance is reduced. Consequently, VLDL
and LDL accumulate in plasma, accompanied by a
reduction in HDL levels. This “triad” is characteristic
of atherogenic dyslipidemia observed in both
hypothyroidism and MASLD.

A number of studies confirm a close
pathophysiological relationship between thyroid
dysfunction and metabolic liver injury. W. Xiong
(2025) [3] demonstrated that the TSH level may
be an important risk factor for the occurrence
and development of MAFLD. The relationship
between them is influenced by age. Also, patients
with  MASLD typically exhibit a characteristic
dyslipidemia: elevated total cholesterol (TC), LDL,
VLDL, and triglycerides (TG), along with reduced
HDL levels. Pathogenetically, this is associated with
increased hepatic lipoprotein synthesis and impaired
catabolism due to insulin resistance.

When MASLD is combined with subclinical
hypothyroidism, atherogenic alterations become
more pronounced: Patients with SCH showed
significantly higher T-Chol, STG, and LDL-C levels,
as well as significantly lower levels of HDL-C in
comparison to the healthy controls [4]. These changes
are explained by decreased LDL receptor expression
in hepatocytes, reduced lipoprotein lipase activity,
and impaired B-oxidation of fatty acids.

Thus, even moderate TSH elevation within the
range of subclinical hypothyroidism is associated
with statistically significant alterations in the lipid
spectrum. The highest VLDL and TG levels are
observed in overt hypothyroidism, indicating marked
disturbances in lipid metabolism.

Particular attention has been paid to VLDL as a
marker of dyslipidemia. In hypothyroidism, increased
synthesis of apolipoprotein B100 - the principal

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 3 (164)/2026

ISSN 2786-6661

protein component of VLDL-combined with reduced
hepatic lipase activity results in VLDL accumulation in
circulation. This condition promotes the development
of an atherogenic lipid profile, further exacerbating
hepatic steatosis and increasing cardiovascular risk.

Hyperthyroidism seems to have a protective effect
on the incidence of NAFLD [5]. A small cross-
sectional study in China found that the prevalence of
NAFLD in patients with hyperthyroidism was 11.9%.
Interestingly, higher T3 levels were associated with
lower liver fat content (p=0.009) and a decreased risk
of NAFLD (OR 0.267, 95% CI 0.087-0.817, p=0.021)
[6]. A large case-control study in Germany confirmed
these findings and found that hyperthyroidism was
associated with a lower risk of NAFLD (OR 0.85, 95%
CI10.77-0.94, p<0.001) [7].

Given these findings, assessment of thyroid status
in patients with MASLD has important clinical
and prognostic implications. Recent studies have
demonstrated that even correction of subclinical
hypothyroidism  with  levothyroxine therapy
contributes to improvement in lipid parameters,
reduction of hepatic steatosis, and normalization of
TC and TG levels. Therefore, monitoring and timely
correction of thyroid function should be considered
an essential component of the comprehensive
management of patients with MASLD.

AIM

To evaluate the lipid profile (total cholesterol, LDL
cholesterol, VLDL cholesterol, HDL cholesterol,
triglycerides) in patients with MASLD and normal
thyroid function, as well as in patients with MASLD
combined with subclinical and overt hypothyroidism.

MATERIALS AND METHODS

The study protocol was reviewed and approved
by the Bioethics and Research Ethics Committee
operating at O. O. Bohomolets National Medical
University. The investigation was conducted within
the Department of Internal Medicine No. 1 from
2025 to 2026 and was approved by the Chair and the
Executive Secretary of the Bioethics Committee. All
participants provided written informed consent prior
to enrollment. This was a prospective study.

A total of 70 patients with MASLD were included
and subsequently divided into three groups. Group 1
consisted of 28 patients with MASLD and subclinical
hypothyroidism. Group 2 included 22 patients with
MASLD combined with overt hypothyroidism (asso-
ciated with diffuse nodular goiter and autoimmune
thyroiditis). The control group comprised 20 patients
with MASLD without thyroid dysfunction.

Inclusion criteria

The following inclusion criteria were applied: men
and women aged 30-60 years; patients with diagnosed
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hypothyroidism (subclinical hypothyroidism was
defined as TSH >4 mIU/L and free T4 10-25 pmol/L,
further stratified according to TSH levels into mild
[TSH 4.5-10.0 mIU/L] and marked [TSH >10.0
mIU/L]; overt hypothyroidism was defined as TSH
>4.0 mIU/L and free T4 <10 pmol/L); as well as
patients with metabolic-associated steatotic liver
disease (MASLD), diagnosed based on the presence
of at least two metabolic criteria:

1. overweight or obesity;

2. type 2 diabetes mellitus;

3. evidence of metabolic dysregulation, namely >2

of the following:

a) waist circumference in Caucasian individuals:
2102 cm in men and >88 cm in women
(=290 cm and =80 cm for Asian men and
women, respectively);

b) antihypertensive treatment or blood pressure
=2130/85 mmHg;

c) serum triglycerides >1.7 mmol/L (150 mg/dL)
or treatment for hypertriglyceridemia;

d)serum HDL cholesterol <1.0 mmol/L
(<40 mg/dL) in men and <1.3 mmol/L
(<50 mg/dL) in women, or treatment for
hypercholesterolemia;

e) prediabetes defined as fasting plasma
glucose 5.6-6.9 mmol/L (100-125 mg/dL), or
2-hour post-load glucose 7.8-11.0 mmol/L
(140-199 mg/dL), or HbAlc 5.7-6.4% (39-
46 mmol/mol);

f) high-sensitivity C-reactive protein (hs-CRP)
>2 mg/L;

g) HOMA-IR >2.5.

Ultrasound examination was performed using
the Soneus P7 device (UltraSign, Ukraine) at the
Department of Internal Medicine No. 1, O. O.
Bohomolets National Medical University.

The degree of hepatic steatosis was assessed based
on the ultrasound attenuation coefficient. Values of
1.0-2.19 dB/cm corresponded to SO, indicating no
steatosis; 2.20-2.29 dB/cm to S1, indicating mild
steatosis; 2.30-2.90 dB/cm to S2, indicating moderate
steatosis; and values >2.90 dB/cm to S3, indicating
severe steatosis.

Liver fibrosis was assessed using shear-wave
elastography (SWE) based on liver stifftness values
expressed in kPa. Values of 0-5.8 kPa corresponded
to stage FO (no fibrosis), 5.9-7.2 kPa to F1 (initial
fibrosis), 7.3-9.5 kPa to F2 (moderate fibrosis),
9.6-12.5 kPa to F3 (advanced fibrosis), and values
>12.6 kPa to F4 (liver cirrhosis).

Exclusion criteria

Exclusion criteria included Wilson-Konovalov
disease, viral hepatitis, alcoholic liver disease,
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autoimmune hepatitis, drug-induced liver injury, and
neoplasticprocesses. Also, useof statins,levothyroxine,
glucose-lowering agents, hepatoprotective drugs, or
other medications that may significantly affect the
lipid profile.

Statistical analysis

Statisticalanalysiswas performed using EZR version
3.4.1 (R Foundation for Statistical Computing) and
MedStat version 5.2. The Shapiro-Wilk test was used
to assess normality of data distribution. For normally
distributed variables, quantitative data were presented
as mean + standard deviation (Mean + SD); for non-
normally distributed variables, data were expressed
as median with first and third quartiles (Median
[Q1-Q3]). No correction for multiple comparisons
was performed.

When comparing three groups with normal data
distribution, analysis of variance (ANOVA) with
multiple comparisons was applied; for non-normal
distribution, the Kruskal-Wallis test was used.
Pearson’s correlation coefficient (r) was calculated
to assess correlations between variables. Differences
were considered statistically significant at p<0.05.

RESULTS

The main characteristics of patients in the three
study groups are presented in Table 1.

Table 1. Study groups

Study groups
Charac- The
teristics Group 1 | Group 2 | control P
(n=28) | (n=22) | group
(n=20)
Mean age 4386+ | 4432+ | 4405 |
(years] 8045 | 799 | 8476 |P0780
Sex (female/ 36%/ 36%/ 40%/
male), % 64% 64% 60%

General information on the study groups is
presented in Table 1. Group 1 consisted of 28 patients
with  MASLD and subclinical hypothyroidism.
Group 2 included 22 patients with MASLD combined
with overt hypothyroidism (associated with diffuse
nodular goiter and autoimmune thyroiditis). The
control group comprised 20 individuals with MASLD
without thyroid dysfunction. The groups were
comparable in terms of sample size and age (p=0.980).
In all groups, male patients predominated.

The characteristics of the study groups according
to lipid profile parameters are presented in Table 2.

Comparison of the lipid profile in patients
of Group 1 revealed increased levels of total
cholesterol, LDL cholesterol, triglycerides, and
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Table 2. Comparative characteristics of the study groups according to lipid profile parameters, Mean + SD

Characteristics Group 1

Group 2

The control group p

Total cholesterol, mmol/L 5.989 + 0.39*

7.15 + 0.49*

P1 - p<0,01
P2 - p=0,07
P3 - p<0,01

5.69 + 0.43*

LDL cholesterol, mmol/L 3.836+0.44

5.52710.43

P1 - p<0,01
P2 - p=0,01
P3 - p<0,01

3.435+0.42

triglycerides, mmol/L 2.13+0.15

2.26+0.25

P1 - p=0,07
P2 - p<0,01
P3 - p<0,01

1.9240.16

VLDL cholesterol 1.57+0.14

1.88+0.18

P1 - p<0,01
P2 - p<0,01
P3 - p<0,01

1.33£0.16

HDL cholesterol 0.5+0.05

0.2+0.03

P1 - p<0,01
P2 - p< 0,05
P3 - p<0,01

0.7+0.11

Note: p1 - comparison between Groups 1 and 2; p2 - comparison between Groups 1 and 3; p3 - comparison between Groups 2 and 3.

VLDL cholesterol - 5.989 + 0.39, 3.836 + 0.44,
2.13 £ 0.15, and 1.57 £+ 0.14 mmol/L, respectively —
along with a decreased HDL cholesterol level
(0.5 £ 0.05 mmol/L).

In contrast, patients in Group 2 demonstrated
significantly higher levels of total cholesterol,
LDL cholesterol, triglycerides, and VLDL choles-
terol - 7.15+0.49, 5.527 + 043, 2.26 + 0.25, and
1.88 +£0.18 mmol/L, respectively - together with
a marked reduction in HDL cholesterol levels
(0.2 £ 0.03 mmol/L), compared with Group 3 (MASLD
without hypothyroidism), in whom lipid parameters
were within reference ranges or mildly abnormal.

Lipid profile parameters (total cholesterol, LDL
cholesterol, VLDL cholesterol, HDL cholesterol, trig-
lycerides levels) in patients of Groups 1, 2, and 3 are
presented in diagrammatic form in Fig. 1.

According to the data presented in Fig. 1, lipid
profile parameters (total cholesterol, LDL cholesterol,
VLDL cholesterol, HDL cholesterol, triglyceride le-
vels) in patients of Groups 1, 2, and 3 were illustrated
in diagrammatic form.

DISCUSSION

In the context of MASLD, dyslipidemia is already
present (elevated total cholesterol, LDL, VLDL, and
triglycerideslevels; reduced HDL levels). The addition
of thyroid dysfunction further aggravates these alte-
rations. Our findings indicate that even subclinical
hypothyroidism has the potential to exacerbate lipid
disturbances and increase fasting glucose levels, al-
though not to the same extent as overt hypothyroi-
dism.

These results are consistent with contemporary
studies demonstrating that hypothyroidism is

s o Lipid profile parameters (mmol/L]
HDL cholesterol | 0,2
0,5
P 13
VLDL cholesterol 1,8
1,5
A— 19
triglycerides 2,2
2,1
D—— 4
LDL cholesterol 55
3,8
.
total cholesterol 7.1
59
0 1 2 3 4 5 6 7 8
m The control group Group 2 Group 1

Fig. 1. Lipid profile parameters
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associated with more pronounced hepatic steatosis
and a more atherogenic lipid profile.

One of the key pathophysiological mechanisms
involves reduced expression of glucose transporter
type 4 (GLUT4) in skeletal muscle and impairment of
other insulin-dependent pathways in hypothyroidism,
leading to decreased glucose clearance and elevated
fasting glucose levels. This effect diminishes tissue
glucose utilization, creating conditions for enhanced
lipogenesis due to substrate excess.

Thus, the development of hypothyroidism in
patients with MASLD may create a “vicious cycle™
elevated TSH levels and reduced T3/T4 concentrations
aggravate insulin resistance and glycemic disturbances,
which in turn stimulate the synthesis of atherogenic
lipoproteins and promote hepatic fat accumulation.

In our study, comparison of the lipid profile in patients
of Group 1 revealed increased levels of total cholesterol,
LDL cholesterol, triglycerides, VLDL cholesterol, along
with decreased HDL cholesterol levels. In Group 2,
significantly higher levels of total cholesterol, LDL
cholesterol, triglycerides, VLDL cholesterol were
observed, together with a marked reduction in HDL
cholesterol levels, compared with Group 3 (MASLD
without hypothyroidism), where parameters remained
within reference ranges or were only mildly elevated.

OPUTIHANIbHI POEOTY IS

The relationship between thyroid functional status
and metabolic disturbances, particularly dyslipidemia
and hyperglycemia, is gaining increasing scientific
and clinical relevance in the context of MASLD. This
condition represents a systemic manifestation of
metabolic syndrome, and alterations in the thyroid
hormonal profile may not only reflect the severity
of metabolic imbalance but also act as one of its
pathogenetic drivers.

CONCLUSIONS

1. In patients of Group 1, increased levels of
total cholesterol, LDL cholesterol, triglycerides,
and VLDL cholesterol, along with decreased HDL
cholesterol levels, were observed compared with
Group 3 (MASLD without hypothyroidism), where
parameters were within reference ranges.

2. In patients of Group 2, significantly elevated total
cholesterol, LDL cholesterol, triglycerides, and VLDL
cholesterol levels, together with a marked decrease
in HDL cholesterol levels, were identified compared
with Group 3, where parameters remained within re-
ference ranges.

3. The presence of subclinical or overt
hypothyroidism in patients with MASLD is
associated with more pronounced disturbances of
lipid metabolism.
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KJIIHIYHA OLIHKA J1iNIAHOI0 NPO®IIH0 Y XBOPUX
HA METABOJ1IYHO-ACOL|INOBAHY CTEATOTUYHY XBOPOBY
AN MEYIHKU B NOEAHAHHI 3 TINOTUPEO30M

HOnisa B. AHuyK, Bonogumup B. YepHsaBcbKuMit

HauioHanbHuin megmuHuii yHisepcuteT iMeHi 0. 0. BoroMonbus, M. Kuis, YkpaiHa

PE3IOME

BcTyn. Papg gocnifkeHp MigTBepKye HasABHICTD TICHOTO 11aTO]i310/10riYHOr0 3B’ A3KYy MiX ITOPYIIEHHAMY THUPEO-
inHOI GyHKLII Ta MeTaOOMIYHIMY YPa)keHHAMMU IeYiHKM. 3BaXKal0uM Ha Iie, OL[iHKa THPEOiHOTO CTaTyCy y HaljieH-
TiB i3 MeTab0/iYHO-acOLi/l0BaHOK cTeaTOTNYHOK XBopob oo neuinky (MACXII) HabyBae BaXK/IMBOroO KIiHIYHOTO
Ta IPOTHOCTUYHOTO 3Ha4YeHH:. MOHITOPKHT i CBo€4acHa KOPEKIisA THpeoifHol GYHKII MOKYTDb PO3ITIAATUCS K
CKJIa[loBa KOMIIIEKCHOTO IiIXOAly o NiKyBaHHA nanieHTiB i3 MACXIL

MeTa. OuinuTy mimifHnit mpodiab, 30KpeMa piBHi 3ara/IbHOIO XO/IECTEPUHY, XO/IeCTePUHY JIMONPOTEINiB HU3BKOI
ryctunu (XC JITTHT), xonecrepuny ninonporeinis gy»xe Huspkoi ryctunu (XC JITITHT), xonectepuny ninonpore-
iniB Bucoxkoi ryctunu (XC JITIBI) i Tpurninepuais, y nauientis i3 MACXII y noegHaHHi i3 CyOKIiHIYHUM rinoTn-
peo3oM, KIiHIYHMM TiOTHPe030M Ta HOPMa/IbHOI QYHKIIE IMTONOAIOHOI 3a/1031.

MaTepianu Ta MeToau. Y gociifkeHHi B3smm y4acTb 70 nanientis i3 MACXII, AKkux posnominumm Ha Tpy TPyIn.
Ho nepuroi rpymm ysiituumn 28 nanientis i3 MACXII ta cy6kniHiYHMM rinoTupeosoM. [Ipyry rpyny cTaHOBUIN
22 manientn 3 MACXII y moeiHaHHi 3 K/TiHiYHUM TiIOTMPe030M Ha Ti1i AMQy3HOTO By37T0BOro 306a Ta aBTOIMYH-
Horo Tupeoinuty. [pymy xorTpoimo cranoswm 20 nanientis i3 MACXII 6e3 nopyumenns ¢yHKuii muronopnioHoI
3aJI0311.

Pesynbtati. Y manieHTis mepmoi Tpyny BMAB/IEHO MiABUINEHHS piBHIB 3arambHOro xonectepuny, XC JIITHI,
tpurninepupis, XC JIIIJHI, a Takox sumkenHs pisHa XC JITIBIL Y nmanienTiB fpyroi rpynu crnocTepirany sHa4He
HifBuUIIeHHA piBHIB 3aranbHoro xonecrepuny, XC JIITHI, tpurninepupis i XC JIIIJHT Ta BupaxkeHe 3sHMKeHHA
piusa XC JITIBI' mopiBHAHO 3 TpeTholo rpyno. Y nanientis i3 MACXII 6e3 rinoTrpeosy BifNOBifHI IOKa3HUKU
nepebyBanyu B MeXXax peepeHTHNX 3Ha4eHb a00 Oy/IM He3HAUHO IiABUILEHVIMHA.

BucHoBku. HaasHicTh Cy6K}IiHi‘{HOFO 260 KJIiHi4HOrO rinoTupeosy y nanientis is MACXII aconitoerbcs 3 6i1b11
BUP@XEHUMM IOPYLIEHHAMM JilliZHOTro podinto.

KntouoBi cnoBa: MeraboigHo-acoliiifoBaHa crearoTMyHa XxBopoba mnedinky, llluromnopi6bna 3anosa, linorupeos,
bioximiunmit ananis kpoBi, XomecrepuH, XonecTepuH ninonporeinis Huspkoi minsuocti (JIITHI), Tpurninepnamn,
JlinonpoTeinn gy»xe Husbkol mwinprocti (JINIHII), Xonectepus ninonporeinis Bucokoi uiinprocti (JITIBIII).
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