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ABSTRACT

Background: Subclinical hypothyroidism has emerged as a potential
contributor to the metabolic dysfunction-associated steatotic liver disease,
particularly in individuals with coexisting hypertension.

Aims: To evaluate metabolic profiles, inflammatory markers, and
oxidative stress parameters in hypertensive patients with metabolic
dysfunction-associated steatotic liver disease, depending on the presence
of concomitant subclinical hypothyroidism.

Methods: A total of 126 patients examined from 2019 to 2022 were
divided into four groups: Group 1 — controls (n = 30); Group 2 -
hypertensive patients with steatotic liver disease (n = 26); Group 3 —
patients with hypertension and subclinical hypothyroidism (n = 18); and
Group 4 — patients with all three conditions (n = 52). In Groups 3 and 4,
thyroid-stimulating hormone (TSH) levels ranged from 4 to 10 mU/L.
Anthropometric parameters, biochemical profile, inflammatory (C-reactive
protein, CRP, tumor necrosis factor a, TNF-a), and oxidative stress markers
(total hydroperoxide content, THP, total antioxidant activity, TAA) were
assessed.

Results: The presence of subclinical hypothyroidism (in either Group 3 or
4) was associated with significantly higher hip circumference (p < 0.05),
lower waist-to-hip ratio (p < 0.001), elevated levels of glycated
hemoglobin (p < 0.05), CRP (p < 0.05), and TNF-a (p < 0.001).
Significantly higher levels of non-high-density lipoprotein cholesterol (non-
HDL-C) (p = 0.005) and low-density lipoprotein cholesterol (p = 0.028),
total cholesterol (p = 0.021), aspartate aminotransferase (p = 0.01),
alkaline phosphatase (p = 0.034), THP (p = 0.014), and lower levels of
HDL-C (p = 0.027) and glomerular filtration rate (p = 0.048) were
observed in Group 4 compared to Group 2. In Group 4, TSH levels were
positively associated with glucose (p = 0.008), TNF-a (p < 0.001), and
inversely associated with HDL-C (p < 0.001), glomerular filtration rate (p
< 0.001), and TAA (p = 0.012). A significantly higher proportion had a
high cardiovascular risk according to SCORE2 in Group 4 compared to
Group 2 (p = 0.023).

Conclusion: Subclinical hypothyroidism significantly contributes to the
cardiometabolic burden in hypertensive patients with metabolic
dysfunction-associated steatotic liver disease. Even among patients with
mild subclinical hypothyroidism, higher systemic inflammation, oxidative
stress, impaired glucose control, and lipid dysregulation are observed.
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Introduction

Metabolic dysfunction-associated steatotic liver disease
(MASLD) is one of the most common liver diseases in the
world. lts prevalence is steadily increasing, which is
primarily due to the increasing incidence of obesity and
metabolic syndrome, caused by a sedentary lifestyle,
impaired diet, abuse of processed foods and increased
working hours. This problem is especially relevant in
developed countries, where these factors have become
commonplace for the majority of the population. Chronic
sleep disturbance, irregular meals, frequent snacking,
and alcohol abuse also contribute to the deterioration of
metabolic health.1-3

Hypothyroidism, including its subclinical form (SCH), is
considered an unconventional but potentially significant
risk factor for the development of MASLD. SCH is
associated with a number of metabolic changes, including
insulin resistance (IR), dyslipidemia (DL), and weight gain.
In patients with MASLD, the presence of SCH may
contribute to both the acceleration of the progression of
metabolic disorders and the increase in the severity of
existing disorders.4 5

Unhealthy lifestyles, particularly in populations living in
naturally iodine-deficient areas, contribute to the
prevalence of hypothyroidism, especially in the absence
of effective salt iodization programs. According to the
NHANES study in the United States, hypothyroidism is
detected in 4.6% of the adult population, of which 0.3%
have a clinically manifest form, and the rest have SCH.é
7 In European countries, the prevalence of manifest
hypothyroidism is on average 0.2—2%, while SCH occurs
in 4—10% of adults. In countries with a developed health
care system, SCH is more often detected, which is
associated with wider access to laboratory diagnostics.8

Ukraine traditionally belongs to the regions with mild fo
moderate iodine deficiency. The most endemic regions of
the country are the western regions of the country, in
particular the Carpathian region. Kharkiv region is
classified as a region with a slight iodine deficiency, but
even here the prevalence of hypothyroidism remains
significant. According to official data from the Kharkiv
Regional Information and Analytical Center of Medical
Statistics of the Ministry of Health of Ukraine for the
period 2004-2017, the prevalence of hypothyroidism
ranged from 224.9 to 535.5 cases per 100 thousand
population. The rate of increase in incidence during this

period was 8.5%. The vast majority of cases (98.4%)
were registered among the adult population, of which
56.1% were among people of working age.? This
indicates the relevance of timely detection of SCH and its
secondary prevention in young and middle-aged
patients.

Hypertension (HPT) is one of the five main diagnostic
criteria for MASLD.'® Several components of blood
pressure, namely systolic, diastolic, and mean arterial
pressure, show also a positive association with elevated
TSH levels.’ Moreover, it is high blood pressure that is
often the primary reason for patients to seek medical
attention, which allows for timely detection of concomitant
pathologies, including MASLD and SCH.

Chronic low-grade systemic inflammation and redox
imbalance are key pathophysiological links that unite
MASLD, SCH and HPT. They can both contribute to the
development of these conditions and be their
consequence.!2-14

Therefore, the aim of our study was to evaluate metabolic
profiles, inflammatory markers, and oxidative stress
parameters in hypertensive patients with metabolic
dysfunction-associated steatotic liver disease, depending
concomitant  subclinical

on the presence of

hypothyroidism.

Methodology
The study included 126 patients who underwent clinical
and laboratory examination at the L.T. Malaya Therapy
National Institute of the National Academy of Medical
Sciences of Ukraine (Kharkiv), during the pre-war period
(2019-2022). This timeframe was chosen to minimize
potential group differences related to war-related stress.
Examinations were conducted in both outpatient and
inpatient settings. Based on the presence of comorbid
conditions, all participants were divided into four groups,
comparable in age (Fig. 1):
* Group 1 — controls (n = 30), median age of 45.7
[33.6; 51.2] years,
* Group 2 — patients with HPT and MASLD (n = 26),
median age of 46.6 [39.8; 57.0] years,
* Group 3 — patients with HPT and SCH (n = 18),
median age of 41.5[33.6; 51.1] years,
* Group 4 — patients with HPT, MASLD and SCH (n
= 52), median age of 48 [41.9; 56] years.
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Figure 1: Distribution of studied patients by age category.
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No differences were also found between groups in terms of sex distribution (Fig. 2).

Figure 2: Distribution of studied patients by gender.
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Anthropometric examination was performed on an empty
stomach using an OMRON BF 511 body composition
analyzer with mandatory measurements of height, body
weight, waist circumference (WC) and hip circumference
(HC). Body mass index (BMI) was calculated using the
Quetelet formula.

Blood biochemical parameters were assessed using
standard laboratory methods. Glucose and glycated
hemoglobin (HbAlc) levels were measured, and the
HOMA-IR index was calculated to evaluate insulin
resistance. The lipid profile included total cholesterol (TC),
triglycerides (TG), very low-density lipoprotein
cholesterol (VLDL-C), low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-C).
Renal function was evaluated by measuring serum
creatinine and calculating the glomerular filtration rate
(GFR) using the CKD-EPI formula. Liver function was
assessed by determining alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl
transpeptidase (GGT), and alkaline phosphatase (ALP),

along with calculation of the Fatty Liver Index (FLI).

The degree of HPT in patients corresponded to stage I-lI
and severity grades 1-2, according to established
classification criteria. The diagnosis of MASLD was based
on liver ultrasound findings in combination with the FLI. A

history of alcohol consumption and pharmacotherapy was
assessed to exclude alcoholic or drug-induced liver
disease. SCH was diagnosed based on elevated thyroid-
stimulating hormone (TSH) levels (4—10 mlU/L) confirmed
by two measurements at a 3-month interval, in the
presence of normal free thyroxine (fT4), indicating a low
risk of progression to overt hypothyroidism within 10
years. TSH and fT4 levels were measured in serum using
enzyme-linked immunosorbent assay kits 'TSH-ELISA" and
'fT4-ELISA' (Khema, Ukraine).

Levels of insulin, C-reactive protein (CRP), and tumor
necrosis factor alpha (TNF-a) were determined by
enzyme-linked immunosorbent assay using certified
commercial kits: “Insulin ELISA”, “C-Reactive Protein HS
ELISA” (both manufactured by DRG Instruments GmbH,
Germany), and “TNF-alpha ELISA BEST” (Vector-Best-
Ukraine, Ukraine).

The prooxidant-antioxidant balance was assessed by the
ratio of total hydroperoxides (THP) levels to total
antioxidant activity (TAA), determined by the colorimetric
method.’5

Statistical data processing was performed using the
STATISTICA software package (serial number X12-
53766). The Kruskal-Wallis test (p > 0.05) was used to
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assess the homogeneity of the study groups by age, and
the Pearson x2 test (p > 0.05) was applied to evaluate
gender distribution. The absence of statistically significant
differences by these characteristics confirmed the
comparability of the groups. Quantitative variables were
presented as medians (Me) with interquartile ranges (Q1
— lower quartile, Q3 — upper quartile), i.e., Me (Q1; Q3).
Qualitative variables were presented as absolute values
(n) and relative frequencies (%). Group comparisons of
qualitative variables were conducted using the Pearson
X2 test. Correlations between variables were assessed

using Spearman’s rank correlation coefficient.

Table 1. Anthropometric status of the studied patients

Results

Relative to the control group, all other groups exhibited
significantly higher BMI values (p < 0.001) (Table 1).
Patients with MASLD,
demonstrated significantly elevated waist-to-hip ratio
(WHR) (p < 0.05), primarily due to increased WC levels
(p < 0.001). In comparison to patients with HPT and SCH,
those with HPT and MASLD showed significantly higher
levels of WC, HC, WHR, and BMI (p < 0.05). Notably, in
patients with combined HPT, MASLD, and SCH, a
decrease in the WHR was observed (p < 0.001), driven
by an increase in HC (p < 0.05).

regardless of SCH status,

Indicators Groups Values p’ p? p3
WC, cm 1 80.0 [77.6; 87.5] - - -

2 97.5[94.0; 105.1] <0.001 - -

3 84.0 [75.8; 90.5] >0.05 <0.001 -

4 96.0 [92.1; 102.0] <0.001 >0.05 <0.001
HC, cm 1 98.0 [95.4; 103.3] - - -

2 104.3 [100.4; 108.1] <0.001 - -

3 101 [94.8; 104.3] >0.05 0.029 -

4 107.0 [102.1; 114.0] <0.001 0.036 <0.001
WHR 1 0.80 [0.77; 0.92] - - -

2 0.95 [0.90; 0.96] <0.001 - -

3 0.84 [0.79; 0.87] >0.05 <0.001 -

4 0.90 [0.86; 0.93] 0.003 <0.001 <0.001
BMI, kg/m? 1 23.2 [21.6; 24.4] - - -

2 29.3 [27; 31.6] <0.001 - -

3 27.2 [24.1; 28.6] <0.001 0.016 -

4 29.4 [27.5; 31.3] <0.001 >0.05 0.001
1 = control group, 2 — HPT + MASLD group, 3 — HPT + SCH group, 4 — HPT + MASLD + SCH group

Patients with pathology (HPT, MASLD and/or SCH)
demonstrated significantly higher levels of glucose (p <
0.05), HbAlc (p < 0.001), insulin (p < 0.001), and
HOMA-IR (p < 0.001) compared to the control group
(Table 2). These patients also exhibited a more
atherogenic lipid profile, with elevated levels of non-HDL-
C(p <0.001), TC (p < 0.001), and LDL-C (p < 0.05), as
well as reduced HDL-C levels (p < 0.05). Significantly
higher levels of TG (p < 0.001) and VLDL-C (p < 0.001)
were observed only in patients with MASLD. Among
patients with HPT, those with MASLD had lower HbAlc

levels (p < 0.001) but higher insulin levels (p < 0.05) and
HOMA-IR (p < 0.05) compared to those with SCH. These
two groups also differed significantly in TG (p < 0.001)
and VLDL-C levels (p < 0.001). Patients with combined
HPT, MASLD, and SCH showed significantly higher values
of HbATc, insulin, HOMA-IR, non-HDL-C, LDL-C, TG, and
VLDL-C compared to the HPT, SCH group (p < 0.05 for
all comparisons). In contrast, when compared to patients
with HPT, MASLD, those with triple comorbidity (HPT,
MASLD, and SCH) differed only by significantly lower
HDL-C levels (p < 0.05).

Table 2. Carbohydrate and lipid profile of the studied patients

Indicators ‘ Groups ‘ Values p! ‘ p? ‘ p
Carbohydrate profile
Glucose, mmol /L 1 4.94 [4.79; 5.23] - - -

2 5.42 [5.15; 5.79] 0.002 - -

3 5.32[5.13; 5.63] 0.035 >0.05 -

4 5.68 [4.95; 5.87] 0.001 >0.05 >0.05
HbA1¢, % 1 5.14 [4.90; 5.23] - - -

2 5.32[5.14; 5.77] 0.001 - -

3 5.76 [5.39; 5.92] <0.001 0.011 -

4 5.96 [5.81; 6.21] <0.001 <0.001 0.008
Insulin, pIU/mL 1 10.46 [9.44; 11.16] - - -
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HDL-C, mmol /L 1.39[1.19; 1.54]

1.19 [1.05; 1.34]

0.005

1.16 [1.06; 1.26]

<0.001 >0.05 -

1.09 [0.91; 1.26]

<0.001 0.027 >0.05

LDL-C, mmol /L 2.61 [2.46; 3.08]

3.67 [2.60; 4.40]

0.003

3.08 [2.96; 3.68]

0.004 >0.05 -

4.15[3.66; 4.69]

Indicators Groups | Values p! p? p3

2 24,85 [15.86; 31.8] <0.001 - -

3 17.59 [13.74; 22.61] <0.001 0.026 -

4 23.78 [18.63; 31.56] <0.001 >0.05 0.003
HOMA IR 1 2.34 [2.18; 2.65] - - -

2 6.00[3.53; 7.74] <0.001 - -

3 4.14[3.17; 4.81] <0.001 0.021 -

4 6.26 [4.58; 8.39] <0.001 >0.05 <0.001
Lipid profile
Non-HDL-C, 1 3.19 [2.85; 3.60] - - -
mmol || 2 4.32[3.74; 5.16] <0.001 |- -

3 4.16 [3.52; 4.46] <0.001 >0.05 -

4 5.03 [4.48; 5.771] <0.001 0.005 <0.001
TC, mmol/L 1 4.54 [4.30; 5.12] - - :

2 5.63 [4.97; 6.39] <0.001 - -

3 5.36 [4.71; 5.62] <0.001 >0.05 -

4 6.11 [5.56; 6.89] <0.001 0.021 <0.001
TG, mmol/L 1 0.87[0.77; 1.17] - - :

2 1.65[1.27; 2.14] <0.001 - -

3 1.08 [0.75; 1.18] >0.05 <0.001 -

4 1.68 [1.4; 2.27] <0.001 >0.05 <0.001
VLDL-C, mmol/L 1 0.42 [0.32; 0.59] - - -

2 0.78 [0.61; 0.97] <0.001 - -

3 0.46 [0.35; 0.58] >0.05 <0.001 -

4 0.87 [0.7; 1.06] <0.001 >0.05 <0.001

1

2

3

4

1

2

3

4

<0.001 0.028 <0.001

1 — control group, 2 — HPT + MASLD group, 3 — HPT + SCH group, 4 — HPT + MASLD + SCH group

Across all patient groups, serum creatinine levels were
significantly elevated compared to the control group (p
< 0.05), although no significant differences in GFR were
observed. However, a significant difference in GFR was
noted between patients with HPT and MASLD and those
with HPT, MASLD, and SCH (p = 0.048) (Table 3). Levels
of ALT, ALP, and FLI were significantly higher in all patient
groups compared to controls (p < 0.05). In contrast, AST
and GGT levels were significantly elevated only in

groups with concomitant MASLD (p < 0.05). When
comparing HPT, SCH and HPT, MASLD groups, the latter
demonstrated significantly higher levels of AST, ALT,
GGT, and FLI (p < 0.05 for all comparisons). The addition
of either SCH and MASLD to existing dual comorbidity
(HPT, MASLD or HPT, SCH) was associated with further
elevations in AST (p < 0.05) and ALP (p < 0.05)
compared to groups with dual pathology.

Table 3. Renal and liver function markers in the studied patients

Indicators Groups ‘ Values p’ p? p3
Renal function markers
Creatinine, 1 74 [67; 83] - - -
Hmol /L 2 89 [80; 105] 0.001 - -

3 84 [77; 95] 0.029 >0.05 -

4 94 [81; 102] <0.001 >0.05 >0.05
GFR, 1 102 [84; 110] . - -
ml/min/1.73 m? [ 100 [88; 115] >0.05 |- -

3 97 [82; 108] >0.05 >0.05 -

4 93 [86; 102] >0.05 0.048 >0.05

© 2025 European Society of Medicine 5



Indicators ‘ Groups ‘ Values p! p? p3
Liver function markers
AST, U/L 1 23 [19; 28] - : 3

2 26 [24; 36] 0.005 - -

3 22 [18; 28] >0.05 0.013 -

4 34 [28; 39] <0.001 0.01 <0.001
ALT, U/L 1 23 [19; 25] - : 3

2 36 [29; 52] <0.001 - -

3 28 [22; 31] 0.007 0.001 -

4 44 [35; 49] <0.001 >0.05 <0.001
GGT, U/L 1 40 [36; 47] - : 3

2 56 [49; 78] <0.001 - -

3 43 [39; 54] >0.05 0.001 -

4 71 [63; 80] <0.001 >0.05 <0.001
ALP, nmol/(s°L) |1 1222 [1149; 1333] - - -

2 1370 [1210; 1686] 0.006 - -

3 1382 [1256; 1555] 0.001 >0.05 -

4 1562 [1414; 1741] <0.001 0.034 0.016
FLI 1 21 [14; 28] - - -

2 76 [68; 84] <0.001 - -

3 36 [18; 49] 0.002 <0.001 -

4 79 [70; 87] <0.001 >0.05 <0.001
1 = control group, 2 = HPT + MASLD group, 3 — HPT + SCH group, 4 — HPT + MASLD + SCH group

In all groups with existing pathologies, CRP and TNF-a
levels were higher compared to controls (p < 0.001)
(Table 4).
significantly higher levels of CRP (p < 0.05 for both pairs
of comparisons) and TNF-a (p < 0.001 for both pairs of

In both groups with concomitant SCH,

comparisons) were observed compared to patients with
HPT, MASLD. Redox imbalance was evidenced by

decreased TAA, elevated THP, and the THP/TAA ratio
across all pathological groups compared to controls (p <
0.001). No significant differences were observed
between the HPT, SCH and HPT, MASLD groups.
However, the coexistence of all three conditions was
associated with a significant increase in both THP and the
THP /TAA ratio (p < 0.05).

Table 4. Markers of inflammation and redox balance in the studied patients

Indicators ‘ Groups ‘ Values ‘ p! ‘ p? ‘ p?
Inflammation markers
CRP, mg/L 1 1.3[0.9; 1.9] ) - -

2 1.9 [1.4; 4.1] 0.001 - -

3 2.8 [2.5; 3.8] <0.001 0.038 -

4 3.6 [2.6; 4.6] <0.001 0.002 >0.05
TNF-a, pg/mL 1 2.2 [1.64; 2.69] - - -

2 2.08 [1.76; 2.64] - -

3 3.96 [3.61; 4.84] <0.001 <0.001 -

4 4.42 [3.57; 5.29] <0.001 <0.001
Redox balance markers
THP, umol /L 1 89.96 [72.98; 113.14] - - -

2 109.38 [92.9; 165.62] 0.011 - -

3 127.23[101.13; 146.71] | 0.004 >0.05 -

4 156.73 [136.03; 172.3] <0.001 0.014 0.002
TAA, pmol trolox | 1 590.23 [570.75; 620.26] | - - -
equivalent 2 539 [396.12; 597.51] 0.01 - -

3 510.08 [423.41; 594.2] 0.01 >0.05 -

4 489.19 [404.37; 534.85] | <0.001 >0.05 >0.05
THP/TAA 1 0.16 [0.12; 0.18] ] - -

2 0.22 [0.16; 0.38] 0.002 - -

3 0.26 [0.17; 0.31] 0.002 >0.05 -

4 0.31 [0.27; 0.41] <0.001 0.009 0.021
1 — control group, 2 — HPT + MASLD group, 3 — HPT + SCH group, 4 — HPT + MASLD + SCH group
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Among patients with concurrent HPT and MASLD, the
presence of SCH was associated with a range of
metabolic and inflammatory alterations. In the overall
cohort of patients with HPT and MASLD (with or without
SCH), elevated TSH levels correlated positively with
HbAlc (r = 0.452; p < 0.001), CRP (r = 0.323; p =
0.004), TNF-a (r = 0.840; p < 0.001), fasting plasma
glucose (FPG; r = 0.328; p = 0.003), and the THP/TAA
ratio (r = 0.397; p < 0.001). In contrast, TSH was
inversely associated with HDL-C (r = -0.438; p < 0.001),
glomerular filtration rate (GFR; r = -0.387; p < 0.001),
TAA (r =-0.322; p = 0.004), and the WHR (r =-0.377;
p = 0.001). Among patients without SCH, TSH values
remained within the euthyroid range (median 2.62 [1.89;
3.10] mlU/L), potentially masking the impact of TSH
elevation. Therefore, further correlation analysis was
limited to the subgroup with triple comorbidity (HPT,

100
90
80
70
60
50
40
30
20
10 0 10

HPT, MASLD

%

HPT, SCH

MASLD, and SCH), in which the median TSH level was
6.32 [4.93; 7.12] mIU/L. In this subgroup, TSH was
significantly associated with glucose (r = 0.363; p =
0.008), TNF-a (r = 0.699; p < 0.001), and the THP/TAA
ratio (r = 0.380; p = 0.005), and inversely associated
with HDL-C (r = —-0.548; p < 0.001), GFR (r = -0.477; p
< 0.001), and TAA (r = —0.346; p = 0.012).

SCORE2 was calculated for patients aged 40 years and
older with HPT and concomitant MASLD and/or SCH. The
proportion of such patients was 73.1% (n = 26) in the
HPT, MASLD group, 55.6% (n = 18) in the HPT, SCH
group, and 82.7% (n = 52) in the group with combined
HPT and both MASLD, SCH. A comparative analysis of
SCORE2 risk categories across the groups revealed
significant differences (p = 0.023) (Fig. 3).

39.5

23

HPT, MASLD,
SCH

Low © Moderate ®mHigh

Figure 3. Proportion of patients in the study groups according to SCORE2 risk category

Discussion

The obtained anthropometric data suggest SCH is
primarily associated with general obesity, as reflected
by increased BMI, whereas MASLD is more closely linked
to visceral adiposity. The presence of SCH in patients with
concomitant HPT and MASLD is associated with elevated
HC and an increased WHR, which may indicate a specific
effect on adipose tissue distribution and potentially exert
a protective role in the development of cardiovascular
complications. It is hypothesized that these patients may
exhibit a redistribution of fat toward a gynoid (lower-
body) pattern, particularly in the thigh region, which
could partially mitigate metabolic risk. This assumption
requires further investigation.

Somewhat different results were reported in the study by
Sun, Q., He, Y., and Yang, L. (2024), although their cohort
included individuals with TSH values within the normal
reference range, not patients with SCH. They observed a

significant positive association between total percent fat
(TPF) and TSH (B = 0.01, 95% Cl: 0.00-0.02, p < 0.05),
while no significant associations were found with android
percent fat (APF) or gynoid percent fat (GPF) in the
overall cohort. However, in females, TSH levels were
positively correlated not only with TPF, but also with APF,
and GPF (all p < 0.001).7¢ While our findings similarly
showed associations between TSH and increased fat
accumulation compared to controls, in patients with
coexisting MASLD, the contribution of SCH appeared
more pronounced with respect to gynoid fat deposition.

The observed differences in body fat distribution,
particularly in the context of obesity development, could
potentially be explained by alterations in adipokine
profiles; however, this aspect was not assessed in our
study. Emerging evidence suggests that SCH may
modulate adipose tissue function through changes in
adipokine secretion (e.g., leptin, adiponectin, resistin),

© 2025 European Society of Medicine 7



thereby influencing both inflammatory and metabolic
pathways. Specifically, TSH receptor stimulation in
adipocytes enhances leptin production, while leptin
reciprocally promotes intracellular T3 generation by
regulating deiodinase activity—forming a bidirectional
TSH—leptin feedback loop. Moreover, at the central level,
leptin plays a crucial role in regulating the hypothalamic—
pituitary—thyroid (HPT) axis. This complex interaction may
partially account for altered fat distribution patterns
observed in patients with SCH.17

In carbohydrate metabolism, SCH is associated with
higher levels of HbATc but not with insulin resistance, as
confirmed by lower levels of insulin and HOMA-IR
compared to patients with MASLD. Similar results were
reported by Stoica R. A. et al. (2021), who found no
association between thyroid function tests (TSH, fT4) and
insulin resistance indices in adult Romanian women in a
case-control study with one-year retrospective follow-
up.'8 Zaidi A. et al. (2024) also observed that patients
with SCH showed significant differences in mean HbAlc
(P = 0.0002), and HbAlc levels were positively
correlated with serum TSH (r = 0.684, p < 0.00001).1°
However, a recent study by Yang W. et al. (2023)
demonstrated that SCH increases IR in normoglycemic
individuals, and that declining central thyroid sensitivity
may contribute to a heightened risk of developing
diabetes.2® The contribution of SCH to the development
of insulin resistance in the context of TSH < 10 mlIU/L
requires further investigation. In contrast, MASLD exhibits
a more pronounced metabolic syndrome, characterized
by increased HOMA-IR, TG, and VLDL-C levels. This is
evidenced by the absence of significant differences in
these parameters when SCH is added to dual pathology,
compared to significant changes observed when MASLD
is added to dual pathology. Moreover, the combination
of HPT, MASLD, and SCH demonstrates a cumulative
negative effect, reflected by the most unfavorable lipid
profile, increased HbA1c¢, and non-HDL-C, suggesting a
possible synergistic effect of SCH and MASLD on
cardiometabolic risk. These findings align with data
supporting the key role of MASLD in the formation of an
atherogenic metabolic profile and the ability of SCH to
exacerbate dyslipidemia and hepatic insulin resistance.?’

Despite an increase in creatinine levels across all groups,
changes in GFR were insignificant, suggesting the
presence of compensatory mechanisms in mild SCH (TSH
< 10 mlU/L). However, the addition of SCH in patients
with existing HPT and MASLD was associated with a
significant decrease in GFR—a phenomenon not
observed when MASLD was added to HPT and SCH.
Interestingly, Shimizu Y. et al. (2022) identified a
significant inverse association between HbA1c and GFR
in participants with SCH who were not receiving glucose-
lowering medications (B = —0.32, p = 0.006), whereas

no such association was found in euthyroid individuals.22

Therefore, renal dysfunction in patients with HPT, MASLD,
and SCH may be attributable, at least in part, to
endothelial impairment driven by carbohydrate
metabolism abnormalities typically seen in SCH.

Elevated levels of ALP and AST in patients with combined
SCH and MASLD point to a potential role of SCH in
MASLD progression or biliary fract injury, warranting
further investigation. It is also plausible that SCH
primarily contributes to increased ALP levels, as indicated
by the absence of differences in ALP between patients
with HPT and MASLD versus those with HPT and SCH.

It is known that in MASLD, thyroid hormone receptor (THR)
activation is reduced, which may explain the presence of
normal circulating thyroid hormone levels despite
elevated TSH. Thyroid hormone administration has been
shown to reduce hepatic triglyceride content by
enhancing fatty acid utilization through lipophagy and B-
oxidation, as well as lowering LDL cholesterol levels. Of
particular interest are selective THR-B  agonists
(thyromimetics), which demonstrate reduced affinity for
THR-a, thereby minimizing unwanted cardiovascular side
effects. Resmetirom, a selective THR- agonist, has shown
promising results in a large phase lll trial in patients with
MASH (metabolic dysfunction-associated steatohepatitis),
including reductions in hepatic fat content, transaminase
levels, and atherogenic dyslipidemia, with a favorable
safety profile.23 The findings of our study—specifically,
elevated liver enzymes and progressive dyslipidemio—
suggest that such therapy may be beneficial not only in
patients with established steatohepatitis but also in those
with hepatic steatosis and normal transaminase levels.

Inflammatory markers, including CRP and TNF-a, were
elevated in SCH groups, supporting the presence of
subclinical chronic inflammation in these patients. This
observation aligns with existing literature describing a
prothrombotic and proinflammatory state in SCH, even in
the «absence of overt hypothyroidism.2425 The
inflammatory cascade may be initiated earlier by SCH
than its hepatic manifestations in  MASLD, as
demonstrated by significantly higher proinflammatory
markers in patients with SCH compared to other groups.
Notably, patients with MASLD who have not yet
developed pronounced steatohepatitis may exhibit lower
CRP and TNF-a levels than those with SCH.

Data on redox balance reveal increased oxidative stress
and diminished antioxidant capacity in patients with HPT
and concomitant SCH, with a similar severity observed in
those with HPT and MASLD, as evidenced by the lack of
significant differences between these groups. The redox
imbalance observed in patients with combined HPT,
MASLD, and SCH likely reflects activation of oxidative
stress primarily driven by enhanced oxidative processes.
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The greatest elevation in the THP/TAA ratio in the
presence of all three pathologies underscores the
importance of a multifactorial approach in managing
such patients. It is well established that mitochondrial
dysfunction leads to impaired oxidative phosphorylation
and excessive production of reactive oxygen species
(ROS), and mitochondria are known targets of thyroid
hormones.2¢ Although serum thyroid hormone levels
remain within the normal range in patients with MASLD
and SCH, intracellular thyroid hormone concentrations
may be reduced in MASLD. Therefore, in our study, the
observed redox imbalance in patients with combined
HPT, MASLD, and SCH is likely attributable to
mitochondrial dysfunction induced by SCH.

The obtained data of correlation analysis indicate the

potential role of elevated TSH as a mediator of

metabolic homeostasis disorders in patients with

combined HPT, MASLD, and SCH. In particular, elevated

TSH is associated with:

* activation of low-grade systemic inflammation
(increased TNF-a and CRP),

* impaired redox balance (increased prooxidant
activity and decreased antioxidant defense),

* worse lipid profile (decreased HDL-C),

* hyperglycemia and potential deterioration of renal
function (decreased GFR).

When patients with HPT and MASLD without SCH were
included in the correlation analysis, previously undetected
correlations emerged that were absent in the SCH-only
group. This phenomenon may partly be attributed to the
expanded range of the TSH variable, which increased
variability and thus enhanced the statistical power to
identify associations. Additionally, in patients with SCH,
adaptive or compensatory mechanisms may modulate the
expected effects of TSH. For example, physiological
adaptation to mild hypothyroidism could alter tissue
insulin sensitivity or modify pro-inflammatory signaling
pathways. Consequently, even physiological fluctuations
in TSH within the reference range may exert clinically
relevant effects on the metabolic and pro-oxidant
profiles of patients.

TSH might exert direct metabolic effects in peripheral
tissues independent of thyroid hormone mediation, as TSH
receptors are expressed in hepatocytes and adipocytes.
This could partially explain TSH-associated metabolic
alterations observed even in euthyroid or subclinical
stages.26.27

A significantly greater proportion of patients in the HPT,
MASLD, SCH group exhibited high cardiovascular risk
according to SCORE2 compared to those with HPT,
MASLD alone, supporting the cumulative impact of SCH
on the cardiometabolic burden. This finding underscores

the additive role of SCH in exacerbating cardiovascular
risk beyond the contributions of HPT and MASLD alone.
Several mechanisms may account for the deleterious
cardiovascular effects of impaired thyroid function,
including dysregulation of adipocytokines, endothelial
dysfunction, impaired cardiac contractility, and diastolic
dysfunction of the left ventricle both at rest and during
exertion. However, the extent to which these mechanisms
are expressed—or potentially amplified—in the context
of MASLD remains poorly understood and warrants
further investigation.23

In the present study, we did not analyze the impact of the
sequence of disease onset (MASLD or SCH) or the
duration of this comorbidity on the observed differences
between groups. The main reason was the frequent
inability to determine which condition developed first in
patients with hypertension, as both were often diagnosed
simultaneously during screening. However, we believe
that the omission of these factors likely did not
significantly affect the observed intergroup differences.
On the one hand, SCH appears more frequently in
patients with liver disease: those with nonalcoholic fatty
liver disease (NAFLD) exhibit a significantly higher
incidence of hypothyroidism (1.53-fold) compared to
individuals without NAFLD.22 On the other hand,
according to another study, SCH was associated with an
increased risk of developing MASLD. These findings
support the notion that the relationship between MASLD
and low thyroid function is independent.2? Therefore, in
our study, the lack of analysis regarding the order and
duration of MASLD or SCH likely had minimal impact on
the differences in metabolic profile, inflammatory, and
oxidative stress markers. The bidirectional risk between
SCH and MASLD deserves longitudinal follow-up.

Conclusions

This study highlights the complex and multifactorial role
of subclinical hypothyroidism (SCH) in modulating
metabolic, inflammatory, and redox homeostasis in
patients with concomitant hypertension (HPT) and
metabolic dysfunction-associated steatotic liver disease
(MASLD). While SCH alone is primarily associated with
general obesity and elevated HbA1c—without overt
insulin resistance—its coexistence with HPT and MASLD
significantly amplifies systemic inflammation, oxidative
stress, dysglycemia, and atherogenic dyslipidemia. These
effects are evidenced by elevated CRP, TNF-a, ALP, and
THP/TAA ratios, and decreased HDL-C levels, even in the
context of mild thyroid dysfunction (thyroid-stimulating
hormone, TSH < 10 mIU/L).

Notably, the presence of triple comorbidity (HPT, MASLD,
SCH) is linked to the most unfavorable metabolic and
biochemical profiles, suggesting a cumulative—and
potentially synergistic—effect on cardiometabolic risk.
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The strong associations between TSH and multiple
adverse parameters, even within the euthyroid reference
range, underscore the potential of TSH as an early
biomarker of metabolic dysregulation.

These findings emphasize the need for an integrated,
multifactorial risk stratification strategy in patients with
coexisting HPT, MASLD, and SCH. Early detection and

potential management of SCH in this high-risk population
may offer a promising avenue for improving metabolic
outcomes and reducing long-term cardiovascular risk.
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