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Abstract. The article presents the results of a prospective controlled clinical study aimed at evaluating the effectiveness
of hepatoprotective therapy using ademethionine as part of a comprehensive treatment approach for patients with
hypothyroidism and metabolic dysfunction-associated steatotic liver disease (MASLD). The study included 90 participants
divided into three groups: the main group received combined therapy with levothyroxine and sublingual ademethionine; the
comparison group received only thyroid hormone replacement therapy; and the control group consisted of apparently healthy
individuals. All patients underwent a comprehensive clinical and laboratory examination before and after a 12-week course of
treatment, including assessment of liver function parameters, thyroid status, insulin resistance index, and liver morphometric
and structural characteristics based on ultrasound data. As a result of the combined treatment with levothyroxine and
ademethionine in the main group, a statistically significant reduction was observed in the activity of liver enzymes — alanine
aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), alkaline phosphatase (ALP),
sorbitol dehydrogenase (SDH), and lactate dehydrogenase (LDH); improvement in thyroid profile (reduction in thyroid-
stimulating hormone (TSH), increase in free thyroxine (FT4)); reduction in insulin resistance (decreased homeostatic model
assessment of insulin resistance (HOMA-IR) index); improvement in ultrasound liver parameters (reduction in steatosis grade);
as well as decreased body mass index and waist circumference (WC). In the comparison group, similar changes were less
pronounced and mostly statistically insignificant. In the control group, all parameters remained stable. The obtained results
confirm the clinical rationale for including ademethionine in treatment regimens for patients with hypothyroidism and
MASLD to achieve more effective correction of hepatic and metabolic disorders, prevention of steatohepatitis progression,
and reduction of the risk of fibrotic changes in hepatic parenchyma. The use of a comprehensive approach makes it possible
to influence both the etiopathogenetic mechanisms and clinical manifestations of comorbid pathology, thereby increasing
treatment efficacy and opening perspectives for further research in this field.
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Hypothyroidism is one of the most common en-
docrine disorders, accompanied by significant al-
terations in carbohydrate, lipid, and energy metab-
olism. A deficiency of thyroid hormones promotes
the development of metabolic syndrome, dyslipi-
demia, and insulin resistance, which in turn creates
prerequisites for the progression of MASLD a re-
cently adopted term replacing non-alcoholic fatty
liver disease [1].

MASLD is the most prevalent chronic liver dis-
ease worldwide, associated with triglyceride accu-
mulation in hepatocytes, inflammatory infiltration,
and, in some cases, the development of fibrosis or
cirrhosis. Patients with hypothyroidism are at in-
creased risk of steatohepatitis progression due to
impaired fatty acid metabolism, decreased mito-
chondrial B-oxidation activity, and reduced insulin
receptor expression [2].

Thyroid dysfunction affects not only hormone
synthesis but also the transport of trace elements,
the antioxidant system, and the activation of
hepatocellular enzymes. Selenium deficiency, for
instance, may exacerbate hepatocyte dysfunc-
tion through impaired glutathione peroxidase and
deiodinase activity [3].

In addition to trace element imbalances, hypo-
thyroidism is associated with decreased activity of
the endogenous antioxidant system, contributing
to the accumulation of free radicals and increased
oxidative stress. This mechanism plays a key role
in liver damage in metabolic syndrome. Melatonin
use as an antioxidant reduces oxidative burden and
improves liver function in patients with comorbid
metabolic disorders [4].

Hepatoprotective therapy is regarded as a promis-
ing approach in the management of MASLD. Agents
based on ademetionine (S-adenosyl-L-methionine)
improve phospholipid metabolism, reduce pro-in-
flammatory cytokine activity, and promote hepatic
cell regeneration. A systematic review demonstrated
that hepatoprotectors effectively reduce ALT, AST
levels, improve insulin resistance, and liver histology
in non-alcoholic fatty liver disease [5].

The combination of L-thyroxine with hepato-
protective agents improves liver function markers,
reduces steatosis and fibrosis in patients with hypo-
thyroidism, and normalizes lipid profile and glyce-
mic control [6]. However, these studies are limited
and not conclusive due to variations in population
selection, follow-up duration, and lack of stratifica-
tion by the degree of thyroid dysfunction.

An analysis of clinical and laboratory indicators
in patients with metabolic syndrome and type 2 di-
abetes revealed a significant increase in ALT, AST,
ALP, LDH levels, and decreased cholinesterase ac-
tivity in patients with NASH [7]. This indicates
cytolytic syndrome, impaired detoxification, and
decreased synthetic liver function.

Thus, despite existing evidence supporting the
beneficial effects of hepatoprotectors in non-al-
coholic fatty liver disease/MASLD, the role of
hepatoprotective therapy in patients with com-
bined pathology — hypothyroidism and MASLD —
requires further investigation. The relevance of the
issue lies in the need to develop an individualized
treatment approach considering thyroid status,
metabolic characteristics, and the extent of liver
damage.

Aim. To evaluate the effectiveness of hepatopro-
tective therapy in patients with hypothyroidism
and MASLD by analyzing changes in biochemical
liver function parameters, degree of steatosis, and
insulin resistance index before and after treatment
with ademetionine.

Material and methods

This was a prospective, controlled, cohort study
conducted to evaluate the effectiveness of hepato-
protective therapy using the sublingual form of
ademetionine at a dose of 800 mg/day in patients
with hypothyroidism combined with MASLD. The
study involved a comparison of clinical-laboratory,
biochemical, hormonal, metabolic, anthropometric,
and ultrasound parameters before and after a 12-
week course of treatment.

The research was conducted at the Iva-
no-Frankivsk Regional Clinical Hospital and the
Bioelementology Center of the Ivano-Frankivsk
National Medical University.

A total of 90 individuals were enrolled in the
study and divided into three groups: the main
group (n=40) included patients with hypothy-
roidism and MASLD who received levothyroxine
in combination with hepatoprotective therapy
(ademetionine); the comparison group (n=30)
consisted of patients with the same pathology re-
ceiving only thyroid hormone replacement thera-
py; the control group (n=20) comprised apparent-
ly healthy individuals without endocrine or liver
pathology.
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The study employed stratified randomization as
part of the controlled clinical trial design. Patient
allocation to treatment groups was performed using
the «sequential numbering» method with the aid of
a random number table.

All participants provided written informed con-
sent to take part in the study.

Inclusion criteria were: age between 20 and 65
years, laboratory-confirmed hypothyroidism (el-
evated TSH with normal or reduced FT4), and
a verified diagnosis of MASLD according to the
European Association for the Study of the Liver
(2020) criteria, confirmed by ultrasound evidence
of hepatic steatosis along with at least one metabol-
ic risk factor (abdominal obesity, insulin resistance,
or dyslipidemia), and elevated levels of at least one
liver enzyme (ALT, AST, GGT, ALP, or SDH).

Exclusion criteria included: hepatitis B or C, di-
abetes mellitus, active systemic or oncological dis-
eases, glucocorticoid or hepatotoxic therapy in the
previous 6 months, pregnancy, or lactation.

Hormonal parameters, including TSH and FT4,
were measured using the enzyme-linked immuno-
sorbent assay with DRG kits (USA). Biochemical
indicators of liver function included the activity
of ALT, AST, GGT, ALP, SDH, cholinesterase, and
LDH, determined spectrophotometrically using re-
agents from Lachema (Czech Republic) and Philips
Diagnostics (Germany). The metabolic profile was
assessed by measuring fasting glucose levels (glu-
cose oxidase method) and insulin (enzyme-linked
immunosorbent assay), followed by the calculation
of the HOMA-IR index using the formula: HO-
MA-IR = (fasting glucose X insulin) / 22.5. The in-
dex was interpreted as normal at HOMA-IR <2.77,
moderate insulin resistance at 2.77-5.0, and severe
resistance at >5.0.

Anthropometric data included body mass in-
dex and WC, measured according to the standards
of the World Health Organization (1997) and the
International Diabetes Federation (2005). Abdom-
inal obesity was diagnosed when WC exceeded 80
cm in women and 94 cm in men. Liver ultrasound
was performed to assess parenchymal echogenicity,
structural integrity, and the degree of steatosis ac-
cording to the following grading scale: grade 0 — no
steatosis, grade 1 — mild (up to 33% involvement),
grade 2 — moderate (34-66%), and grade 3 — severe
(>66%).

The hepatoprotective therapy in the main group
involved sublingual administration of ademetio-
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nine at a dose of 400 mg twice daily for 12 weeks.
After completion of the treatment course, all pa-
tients underwent repeat evaluation of the specified
parameters to assess therapy effectiveness.
Statistical analysis was performed using STA-
TISTICA 10.0 software (StatSoft Inc., USA). Nor-
mality of distribution was tested using the Shap-
iro-Wilk test. For intergroup comparisons, the
Student’s t-test or the Mann—Whitney U test was
used depending on the distribution, and the x*-test
was used for categorical variables. Differences were
considered statistically significant at p<0.05.

Results and discussion

Following the completion of the 12-week treat-
ment course, a detailed comparative analysis of
clinical and laboratory parameters was conducted
among the three clinical groups: the main group
(patients with hypothyroidism and MASLD re-
ceiving combined therapy with levothyroxine and
ademetionine), the comparison group (patients
with the same diagnosis receiving only thyroid hor-
mone replacement therapy), and the control group
of practically healthy individuals (Table).

Given the gastrointestinal changes observed
in patients with hypothyroidism, our study prior-
itized the sublingual form of the hepatoprotective
agent ademetionine. The sublingual formulation
bypasses cytochrome P450 metabolism and avoids
loss of active substance by being absorbed direct-
ly into the bloodstream. Since the drug is absorbed
through the oral mucosa, it bypasses first-pass he-
patic metabolism, which increases its bioavailabil-
ity and enables a relatively rapid onset of action
compared to oral administration [8].

According to the results of the liver function anal-
ysis, patients in the main group demonstrated a sig-
nificant decrease in the activity of cytolytic enzymes,
including ALT, AST, GGT, and SDH (Table). The
reduction in the activity of these enzymes indicates a
decrease in the degree of hepatocellular injury.

In addition, a significant reduction in LDH ac-
tivity was recorded in patients of the main group
(Table). This enzyme is a sensitive marker of cytol-
ysis — its elevation reflects hepatocyte damage and
the release of intracellular enzymes into the blood-
stream; therefore, its reduction suggests a decrease
in liver tissue destruction.

ALP activity, which also decreased in the main
group, is a marker of cholestasis — impaired bile
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Table. Comparative dynamics of biochemical parameters in patients with hypothyroidism and MASLD before and after treatment (M+SD)

Parameters Group n Before After treatment A, % p Cohen’sd 95% Cl
treatment

AST, U/L Group | 40 65.38+10.10  41.31+£2.89 -36.8% <0.01 324 40.4-42.2
Group Il 30 39.23+2.25 38.62+1.80 -1.6% <0.01 03 38.0-39.3
HC 20 24.75+5.06 - - - - 22.5-27.0

ALT, U/L Group | 40 5532+13.88 414941041 -25.0% <0.01 1.13 38.3-44.7
Group Il 30 19.71+6.63 18.3644.98 -6.8% <0.01 023 16.6-20.1
HC 20 19.14+4.80 - - - - 17.0-212

GGT, U/L Group | 40 103.81£28.59  70.89+30.20 -31.7% <0.01 112 61.5-80.2
Group Il 30 63.59+11.80  43.73+£11.63 -31.2% <0.01 1.7 39.6-47.9
HC 20 23.60+9.51 - - - - 19.4-27.8

LDH, U/L Group | 40 418.59+88.28 353.23+8890  -15.6% <0.01 0.74 325.7-380.8
Group Il 30 253124900 2389545510  -5.6% <0.01 0.36 219.2-258.7
HC 20 1847443377 - - - - 169.9-199.5

SDH, U/L Group | 40 3.29+0.88 1.99+1.01 -39.5% <0.01 137 1.7-23
Group Il 30 2.14+0.57 1.33+0.61 -37.9% <0.01 1.37 1.1-15
HC 20 0.91+0.27 - - - - 08-1.0

ALP, U/L Group | 40 89.65+20.38  89.29+19.70 -0.4% <0.01 0.02 83.2-954
Group Il 30 89.04+0.27 89.06+0.18 0.0% <0.01 -0.09 89.0-89.1
HC 20 8851+£2856 - - - - 76.0-101.0

HOMA-IR Group | 40 4.58+1.05 3.47+0.63 -24.2% <0.01 1.28 33-37
Group Il 30 3.10+0.71 2.68+0.56 -13.5% <0.01 0.66 25-29
HC 20 1.19+0.97 - - - - 0.8-1.6

Note. Group | — patients with hypothyroidism + MASLD who received levothyroxine + ademetionine. Group Il — patients with hypothyroidism + MASLD
who received levothyroxine only. HC — healthy controls. A, % — percentage change in the parameter after treatment. p — statistical significance (p-value),
<0.05 considered significant. Cohen’s d — effect size (0.2 — small, 0.5 — medium, >0.8 - large effect). 95% Cl — confidence interval for the post-treatment mean

value.

outflow (Table). Its reduction during treatment
suggests improvement in the functional state of the
hepatobiliary system and a decrease in biliary sta-
sis.

Cholinesterase activity, an indicator of the liv-
er’s protein-synthesizing function, showed a pos-
itive trend, although the changes were not statis-
tically significant (p>0.05) (Table). Given that
reduced cholinesterase activity is a characteristic
sign of hepatodepressive syndrome, the observed
upward trend may indicate the recovery of synthet-
ic processes in the liver parenchyma.

In the comparison group, where patients re-
ceived only levothyroxine, the enzyme activity
dynamics were less pronounced and did not reach
statistical significance (Table). These findings sug-
gest the limited effectiveness of monotherapy in pa-
tients with hypothyroidism and MASLD.

Assessment of the metabolic profile under the
influence of thyroid hormone replacement therapy
and hepatoprotective treatment revealed a signif-
icant reduction in insulin resistance in the main
group (Table), which may be attributed both to
improved liver function and the potential effect of
ademetionine on insulin sensitivity. In the compar-
ison group, a downward trend in HOMA-IR was
also observed, while in the control group, the index
remained within the normal range.

Regarding thyroid status, improvement in hor-
mone levels was observed in both hypothyroid pa-
tient groups following replacement therapy: in the
main group, TSH levels decreased from 7.84+2.35
t0 3.24+1.17 pIU/mL (p<0.01), and FT4 increased
from 10.1£2.8 to 14.7£3.2 pmol /L (p<0.01); in the
comparison group, TSH decreased from 7.63£2.42
t0 4.85+1.69 pIU/mL (p<0.05), and FT4 increased
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from 10.4%2.6 to 13.2+2.9 pmol /L (p<0.05). In the
control group, thyroid hormone levels remained
stable throughout the observation period.

Analysis of the dynamics of morphometric and
structural parameters of the liver based on ultra-
sound examination revealed a significant decrease
in the degree of steatosis in the main group: the pro-
portion of patients with grade 3 steatosis decreased
from 32.5% to 10%, with grade 2 from 47.5% to
22.5%, while the proportion with grade 1 increased
from 20% to 60% (p<0.01), indicating a positive
trend in hepatic fat infiltration. In the comparison
group, a similar trend toward improvement was
observed, but it did not reach statistical signifi-
cance (p>0.05). These findings may highlight the
additional role of the hepatoprotective agent in im-
proving the morphological condition of liver tissue
(Table).

Additionally, changes in anthropometric pa-
rameters were recorded: body mass index in the
main group decreased from 35.4%0.59 to 30.1+
+3.5 kg/m? (p<0.05), and WC decreased by 4.8+
1.6 cm (p<0.01), indicating a beneficial effect of
the therapy not only on liver and hormonal param-
eters but also on general metabolic disturbances.
In the comparison group, these changes were less
pronounced and not statistically significant (body
mass index reduction by 0.8 kg/m? WC decrease of
2.1+1.3 cm; p>0.05). Anthropometric parameters
remained stable in the control group.

The results of the conducted study demonstrat-
ed that the use of combined therapy with levothy-
roxine and sublingual ademetionine in patients
with hypothyroidism and MASLD leads to a sta-
tistically significant improvement in biochemical,
hormonal, morphological, and metabolic parame-
ters compared to monotherapy with thyroid hor-
mones. The obtained data are consistent with the
findings of previous studies, which indicate the
potential synergy between thyroid and hepatotrop-
ic therapies in combined pathology of the thyroid
gland and liver [6]. This confirms the feasibility of
including hepatoprotective therapy in the compre-
hensive treatment strategy for patients with hypo-
thyroidism and MASLD.

Conclusions
Patients with hypothyroidism and MASLD
exhibit significant impairment of liver function,

characterized by elevated hepatic enzyme activity,
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insulin resistance, and thyroid dysfunction. The
conducted study demonstrated that the adminis-
tration of combined therapy with L-thyroxine and
ademetionine leads to a significant improvement in
biochemical markers of liver function (reduction
in ALT, AST, GGT, LDH, ALP, and SDH activity,
along with a trend toward increased cholinester-
ase), a decrease in the HOMA-IR index, normaliza-
tion of TSH and FT4 levels, and a reduction in the
degree of steatosis as evidenced by ultrasound find-
ings. The use of hepatoprotective therapy as part
of a comprehensive treatment regimen for these pa-
tients shows high clinical efficacy and is advisable
for preventing the progression of steatohepatitis
and fibrosis. The results are consistent with current
concepts of MASLD pathogenesis and confirm the
necessity of a multidisciplinary approach in manag-
ing patients with combined endocrine and hepatic
pathology.

Future research perspectives

Further studies should focus on evaluating the
long-term efficacy and safety of hepatoprotective
therapy in combination with thyroid hormone re-
placement therapy in patients with hypothyroid-
ism and MASLD. This includes involving larger
cohorts, stratification by type of hypothyroidism,
degree of steatosis, and disease duration. Addition-
al imaging techniques (magnetic resonance imag-
ing, fibroelastography), as well as assessment of
systemic inflammation markers, fibrogenesis, and
oxidative stress, should be employed to gain deep-
er insights into the pathophysiological mechanisms
underlying the interplay between thyroid dysfunc-
tion and metabolically induced liver damage.
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OuinKa etheKTUBHOCTI renaTonpoTEKTOPHOI
Tepanii B NauieHTIB i3 rinoTMpeo3oM Ta
MeTaboniyH0-acouiii0BaHOK CTEATOTMYHOK
XBOP000I NeYiHKm

0.1. CikopuH, H.B. CKpunHuk, I M. EpcTeHiok,
B.A. Tpu6, O.4. Mpuwnsk, I.B. YepHaBcbKa, T.B. PomaHis

IBaHO-DPaHKIBCbKMIA HaLiOHANbHWI MeanYHWUIA yHiBepCUTeT

Peslome. Y CTaTTi NpeacTaBneHo pesynsratt NPOCNeKTUBHOO KOHT-
POMbOBAHOIO  KIIHIYHOTO  JOCHIAMKEHHS, CNPAMOBAHOrO Ha OLiHKY
ePeKTUBHOCTI renaTonpoTeKTOPHOI Tepanii i3 3aCTOCYBaHHAM aaeme-
TIOHIHY B CKadi KOMMNIEKCHOrO NiKyBaHHA NaLjieHTIB i3 MNOTMPeo3omM
Ta MeTaboniuHO-aCoUIMOBAHOI CTEATOTUUHOK XBOPOOO MeyiHKM
(MACXT). [o gocnimkeHHs 6yno 3anydeHo 90 ocib, Aki bynv po3nogine-
Hi Ha TpW rpynu: OCHOBHa rpyna OTpMMyBasna KoOMOIHaLlilo NeBOTUPOK-
CVHy Ta CybniHrBanbHOroO afemMeTioHIHy; rpyna NOPIBHAHHA — nuwe
3amicHy Tepanito TUPEOILHUMI TOPMOHaMK; KOHTPObHA rpyna CKiafa-
NacA 3 NPaKTUYHO 340POBYX OCID. YCi YUaCHUKIM NPONLIAN KOMMEKCHe
KniHiko-nabopaTopHe oOCTEXeHHs [0 Ta Nicns 12-TUKHEBOrO Kypcy
Tepanii, AKe BKMOYaNo BM3HAYeHHA GIOXIMIYHMX MOKA3HWIKIB QyHKLil
NEeYiHKK, OLIHKY TVPEOIOHOrO CTaTyCy Ta iHOEKCY IHCYNiHOPe3NCTEHT-
HOCTI. Y MauieHTiB OCHOBHOI TPyn¥ Bifj3HaYEHO CTaTUCTUYHO AOCTO-
BipHE 3HWXKEHHSA aKTUBHOCTI GepPMEHTIB MeudiHKK (anaHiHamiHoTPaHC-
depasw, acnapTaTamiHOTpaHChepasy, ramMmma-riTaminTpaHchepasy,
nyxHoi docdatasu, copbitonmerigporeHasn Ta naktaTaerigporeHasm),
MOKpaLLeHHs TMPeOoiaHOro NPodinio (3HWKEHHS PiBHSA TUPEOTPOMHOIO
FOPMOHY, NifBMLLIEHHA PIBHA BiIbHOTO TMPOKCKHY), 3MEHLUEHHS IHCYAi-
HOPe3NCTEHTHOCTI (3HWXeHHA iHaekcy HOMA-IR), a Takox 3MeHLeHHA

iHOEKCY MacK Tina Ta OKPYXHOCTI Tanii. Y rpyni NopiBHAHHA NOAIOHI 3mi-
HI Byny MEHW BUPAKEHVMU | 30e6inblUOro CTaTUCTUYHO He3HauyLwLm-
M. Y KOHTPOMBHiI rpyni MOKasHWKK 3anuwanuca ctabinbHummn. Otpu-
MaHi pe3ynsTaTi O6rPYHTOBYIOTb KIiHIUHY AOLINBHICTG BKIIOUEHHS
afleMeTIOHIHY [0 Cxem NiKyBaHHA nauieHTis i3 rinotnpeo3om i MACXIT 3
METOI0 MOKPaLLeHHA KopeKLii renaTnyHux i MeTaboniuHyx NopyLeHb Ta
3HWKEHHA PU3KKY NPOrpecyBaHHA CTeaTorenartury.
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FOPMOHM, CTeaTo3, GyHKLIA NeUiHKK.
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