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Abstract 
Patients with NAFLD (non-alcoholic fatty liver disease) and subclinical hypothyroidism are at risk of cardiovascular com-

plications that cause cardiometabolic changes, thus enabling to broaden our understanding of the cardiovascular events risk in  
a comorbid patient.

The aim: The study of hormonal and metabolic indicators and cardiovascular risk factors in women from NAFLD combined 
with SH (subclinical hypothyroidism) depending on the age.

Materials and methods: 128 patients with NAFLD were studied, which were divided into 2 groups: І group – patients with 
NAFLD and level of thyroid-stimulating hormone (TSH) – 4 to 10 mIU/mL (n = 45), ІІ group – patients with NAFLD and level of 
TSH > 10 mIU/mL (n = 49). The control group consisted of 34 NAFLD patients without SH. Depending on the level of TSH and age, 
degree of cardiovascular risk, indicators of carbohydrate and lipid metabolism, as well as the indicators that reflect ED were evaluated.

Results: Comparison of metabolic parameters in two groups showed a significant difference (p < 0.01 between indicators 
depending on the TSH level, where patients were below 50 years of age: HbA1c, LDL cholesterol, HDL cholesterol, gamma-glu-
tamyltranspeptidase (GGTP). The levels of CDEC (circulating desquamated endothelial cells), VEGF (vascular endothelial growth 
factor), CRP (C-reactive protein) and TNF-α (tumor necrosis factor-α) were dependent not only on TSH, but also on age. Significant 
differences (p = 0.001) were obtained in patients aged ≤ 50 years: CDEC; VEGF, CRP; TNF-α.

Conclusions: Patients from NAFLD combined with SH have hormonal-metabolic disorders, and their degree depends on the 
TSH level. Early cardiometabolic changes in women are formed already at the age under 50 years, which indicates the formation of 
early atherosclerotic vascular changes.

Keywords: non-alcoholic fatty liver disease, subclinical hypothyroidism, age, hormonal indicator, metabolic indicator, car-
diovascular risk.
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1. Introduction
Non-alcoholic fatty liver disease (NAFLD) plays an important part in common non-com-

municable diseases combining clinicopathologic changes of various degrees: from hepatic steatosis 
to hepatocellular carcinoma and caused by lifestyle changes [1]. The current prevalence of NAFLD 
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in industrialized countries is estimated at 20 % to 35 % among general population. According to 
data from 2019, the prevalence of NAFLD in industrialized countries was estimated at 20 % to 
35 % among general population. At the same time, in women aged about 40 years, non-alcoholic 
steatosis of the liver was observed in 75 % of cases [2, 3].

One of the main mechanisms for the implementation of metabolic disorders in the liver 
is the action of reproductive hormones that determines the gender specificities of NAFLD [1, 4].  
Estrogens have a positive impact on liver function by inhibiting lipogenesis and gluconeogenesis, 
as well as facilitating the process of lipolysis. Whereas, androgenic hormones reduce lipogenesis 
and contribute to an increase of cholesterol production in the liver that leads to progression of  
NAFLD progresses accompanied by the accumulation of triglycerides together with cholesterol. For 
that reason, NAFLD develops usually at a young age (30–50 years) among men, and the incidence 
of NAFLD among women increases after menopause or in accordance with the hyperandrogenism, 
as a consequence of polycystic ovary syndrome and Cushing’s syndrome. It should be noted that 
the alanine aminotransferase (ALT) level usually remains within the normal range in women suffer 
from NAFLD in contrast to men. At the same time, NAFLD in men is associated with a massive 
amount of visceral fat, larger increase in ALT level and a low level of adiponectin and leptin [4, 5].

According to research, low serum level of sex hormone binding globulin (SHBG) is also 
associated with NAFLD. This protein plays a suppressive role in hepatic lipogenesis. There is  
a feedback between SHBG and NAFLD: the accumulation of fat in the liver suppresses the syn-
thesis of SHBG, and a decline in SHBG level results in increase of fatty infiltration of the liver [2].  
Re-establishment of the optimal body weight in obese patients is an important component of therapy 
for NAFLD, because the level of SHBG increases in proportion to the degree of weight loss [1, 4].

In accordance to the Rotterdam study that assessed a random sample of women (mean age 
69.0 ± 7.5 years), it was shown that 28 % of the patients suffered from NAFLD had signs of subcli-
nical hypothyroidism (SH) together with the highest level of total cholesterol (TC) and the lowest 
level of HDL cholesterol [6, 7]. Changes in the lipid spectrum of blood serum in patients with 
NAFLD in combination with SH is stated as being due to the fact that in hypothyroidism the 
hepatic lipase activity is reduced, the transport and excretion of atherogenic lipids from bile is 
deteriorated. At the same time, there is a violation of the structure of HDL cholesterol, a decrease 
in the number and sensitivity of low-density lipoprotein cholesterol (LDL cholesterol) receptors in 
hepatocytes that reduces hepatic excretion of cholesterol and a further increase in LDL cholesterol 
and very-low-density lipoprotein cholesterol (VLDL cholesterol) [8, 9].

In the general population, depending on the age and gender of the surveyed people, the 
incidence of SH ranges from 1.2 to 15 %. According to the American Association of Clinical En-
docrinology, SH is observed in 3 % of male and 10 % of female (in the age group over 60 years it 
reaches 20 %) [1, 6]. In accordance to the Colorado study with 25.862 participants, an abnormally 
high thyroid-stimulating hormone (TSH) level was observed from 4 % to 21 % in women and from 
3 to 16 % in men, depending on age. The significance of this disease is due to the fact that within 
one year SH reaches manifest form in 5–15 % of patients, and 70 % of the cases will be accompa-
nied by the onset of cardiovascular system damage symptoms [10, 11].

A number of studies were devoted to the effect of hypofunctioning of the thyroid gland (TG) 
on lipid metabolism [10, 12]. Some research investigated the relationship between SH and dyslipi-
demia based on gender differences. For instance, the prospective EPIC-Norfolk study revealed 
significantly increased concentrations of serum TC, LDL cholesterol and triglycerides (TG) only in 
women having SH [8, 13]. According to the results of the population-based HUNT study, Norway, 
an association between thyroid stimulating hormone (TSH) level and blood lipids, even within the 
normal TSH range was detected in women with metabolic syndrome (MS) without thyroid dis-
function, cardiovascular diseases or diabetes mellitus (DM). Moreover, the higher the TSH level, 
the higher the blood cholesterol level [14]. The research findings indicate that the lipid profile in 
women suffering from MS with SH is characterized by significant atherogenic disorders.

An increase of total cholesterol (TC) level and LDL cholesterol (in 98 % and 97 %, ac-
cordingly) was identified in female. At that time, the classic manifestations of dyslipidemia with 
MS without SH characterizing by hypertriglyceridemia and a decrease in HDL cholesterol, were 
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diagnosed in less than half of the women (47 % and 46 %, accordingly). It is important that women 
with TSH level above 10 mIU/mL have a significant increase in the level of LDL particles, which 
are associated with a higher atherogenic index [15]. This study also revealed a positive relationship 
between TSH levels within the reference values and the risk of death from coronary heart disease 
(CHD) in women without thyroid disorder [15]. 

The Norwegian Trøndelag Health Study conducted for 11 years with the number of partici-
pants n = 15 020 (euthyroid patients) has demonstrated a link between thyroid hormones and body 
mass index (BMI) [16, 17]. In women, an increase in TSH by 1 mIU/mL was accompanied by an 
increase in body weight by 0.9 kg and increase of BMI by 0.3 kg/m2, while in men by 0.8 kg and 
0.2 kg/m2, accordingly, though, insulin resistance (IR) is a proven risk factor for NAFLD [14, 15]. 

Recently, scientists focus on the study of endothelial dysfunction (ED), as one of the basic 
mechanisms for the implementation of all factors of cardiovascular risk (CVR), and also as an early 
marker of the development and progression of atherosclerosis. One of the factors of endothelial 
dysfunction is the vascular endothelial growth factor (VEGF). VEGF is involved in the formation 
of MS at the nosological level that includes the development of atherosclerosis, hypertension, type 
2 diabetes and other diseases. Release of VEGF facilitates the process of monocytes migration with 
subsequent transformation into macrophages.

The consequence of this process is the formation of foam cells, and then an atherosclerotic 
plaque (ASP). VEGF stimulates the expression of matrix metalloproteinase leading to dissolution 
of the extracellular matrix and migration of the endothelium into the collagen gel with the forma-
tion of endothelial tubes. Newly formed vessels contribute to the nutrition and growth of the plaque 
with its subsequent rupture and the development of vascular complications [18].

In one study, it was shown that the -634G/C (rs 2010963) polymorphism of the VEGF gene 
is more common in women having hypertension and obesity in premenopausal women than in the 
group of women after menopause. It was found that the level of VEGF was significantly higher in pre-
menopausal and menopausal women with polymorphism of the GG-634G/C genotype (rs 2010963)  
of the VEGF gene compared with patients with the GC and CC genotypes (p < 0.05) [15]. The pres-
ence of polymorphism of the genotype GG-634G/C (rs 2010963) of the VEGF gene can be consid-
ered as an early marker of the development of cardiovascular risk of hypertension in combination 
with obesity in perimenopausal women [19, 20].

Thus, the study of hormonal-metabolic predictors and vascular markers in female suffering 
from NAFLD in combination with SH will expand the understanding of CVR formation mecha-
nisms, as well as individualize the strategy for the prevention of cardiovascular events in a comor-
bid patients on this basis.

The aim of the research: The study of hormonal and metabolic indicators and cardiovascu-
lar risk factors in women suffering from NAFLD combined with SH depending on the age.

2. Materials and methods
The study was conducted at the SI «L. T. Malaya Therapy National Institute NAMS of Uk-

raine» during 2018–2019. The study included patients who were on inpatient and outpatient treatment.
A total 128 female patients were enrolled in the study diagnosed with NAFLD. The average 

age of the studied patients was 52.1 ± 5.8 years. Patients were divided into 2 groups: І group – patients 
with NAFLD and level of thyroid-stimulating hormone (TSH) – 4–10 mIU/mL (n = 45), ІІ group – 
patients with NAFLD and level of TSH > 10 mIU/mL (n = 49). As a comparison group patients with 
isolated NAFLD (n = 34), identical in age and sex for the main group were studied. Under the study 
protocol, the patients were divided into three groups according to the level of total cardiovascular risk 
in accordance with SCORE: n = 22 women had a low risk; n = 49 – moderate risk; n = 23 – high risk.

The study was performed in compliance with the basic provisions of the Helsinki Decla-
ration of the World Medical Association on ethical principles of scientific and medical research 
involving human (1964–2000) and the order of the Ministry of health of Ukraine dated 23.09.2009 
No. 690. The study was approved by the commission on bioethics at the SI «L. T. Malaya Therapy 
National Institute NAMS of Ukraine», (protocol No. 12, 19/Nov/2020) consistent with the princi-
ples outlined in the Helsinki Declaration.
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The diagnosis of NAFLD was grounded consisted with the current unified clinical protocol. 
To verify the diagnosis of SH on the background of Hashimoto’s disease, the concentration of thy-
roid-stimulating hormone (TSH), free thyroxine (T4 free) and thyroid peroxidase antibodies (TPO) 
in blood serum were studied using enzyme immunoassay. The state of carbohydrate and lipid meta-
bolism as well as indicators of the functional state of the liver was assessed using a generally accept-
ed technique (Fasting glucose levels were examined to assess the control of carbohydrate metabo-
lism. Blood glucose was determined by the glucose oxidase method. Determination of glucosylated 
hemoglobin (HbA1c, %) (Human, Germany). From venous blood by ion exchange chromatography 
was used as an informative method for characterizing long-term glycemic control. In all patients, 
the level of total cholesterol, high density lipoprotein cholesterol and triglycerides was determined 
by the enzymatic method on a biochemical analyzer «Humanayzer» using a set of reagents from 
«Human» (Germany). Very low density lipoprotein cholesterol content was calculated using the 
Friedewald W. T. taking into account the measurement of the indicator in mmol/l. The indicators of 
the functional state of the liver were determined according to standard generally accepted methods: 
the activity of aminotransferase (AST, ALT), gamma-glutamine transpeptidase, alkaline phospha-
tase (AF), the content of bilirubin in the blood using the enzyme assay method on the biochemical).

The condition and degree of damage to the vascular endothelium were assessed by count-
ing the circulating desquamated endothelial cells (CDECs) using phase contrast microscopy and  
VEGF using. The concentration of C-reactive protein (СRP) and tumor necrosis factor-α (TNF-α) 
in the serum were used as markers of inflammation by enzyme immunoassay.

The statistical processing of the data was carried out using the «Statistica software package, 
version 8.0». The data resulting from the study are presented as the mean ± standard deviation from 
the mean (M ± SD). To assess the differences between groups in a distribution close to normal, the 
«Student ś test» was used. Differences were considered statistically significant at p < 0.05.

3. Results
The metabolic changes in the two groups depending on the TSH level were associated with 

the age of the women.
In particular, the results of the comparison showed that in 2 groups patients under the age of 50, 

there were significant differences depending on the level of TSH on such indicators as: fasting glucose 
level – 5.67 ± 0.27 mmol/l against 4.14 ± 0.23 mmol/l, p = 0.010; level of HbA1c – 6.54 ± 0.25 % against 
5.02 ± 0.10 %, p < 0.001; LDL cholesterol – 4.32 ± 0.24 mmol/L versus 3.25 ± 0.19 mmol/L (p = 0.030),  
HDL cholesterol – 1.00 ± 0.02 mmol/L versus 1.09 ± 0.04 mmol/L (p = 0.038). Detection of statis-
tical differences in the indicator of gamma-glutamyltransferase (GGT) – 78.0 ± 3.85 U/l against 
53.33 ± 9.35 U/l, p = 0.016 (Table 1) constitutes an important finding.

Table 1
The metabolic values depending on the level of TSH (from 4 to 10 mIU/mL and more than 10 mIU/mL) in 
women having NAFLD combined with SH aged ≤ 50 years, M ± m
Indicator TSH from 4 to 10 mIU/mL) n = 23 TSH> 10 mIU/mL) n = 24 P-value

Fasting glucose, mmol/L 4.14 ± 0.23 5.67 ± 0.27 Р = 0.010
Insulin (mIU/mL) 16.42 ± 0.76 16.42 ± 0.76 Р = 0.02
HbA1C, % 5.02 ± 0.10 6.54 ± 0.25 Р < 0.001
VLDL-CH, mmol/L 0.76 ± 0.03 0.85 ± 0.02 Р = 0.029
HDL-CH, mmol/L 1.09 ± 0.04 1.00 ± 0.02 Р = 0.038
LDL-CH, mmol/L 3.25 ± 0.19 4.32 ± 0.24 Р = 0.030
GGTP, IU/L 53.33 ± 9.35 78.0 ± 3.85 Р = 0.016

The results achieved in patients suffering from NAFLD in combination with SH indicate 
that metabolic changes are formed under the age of 50 and they are significantly influenced by 
TSH level. The study revealed a correlation between TSH and CRP – r = 0.88, p = 0.02, insulin – 
r = 0.82, p = 0.046 and GGTP r = 0.87, p = 0.025. 
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We believe that it is important that changes in the level of GGTP depending on the level of 
TSH in the presence of NAFLD in combination with SH not only characterizes the liver enzyme 
GGTP as a membrane-specific enzyme, but also confirms its indirect participation in the formation 
of atherosclerotic plaque [10, 11].

It seems interesting that in patients over 50 years old significant differences in groups 
depending on TSH level were different with the prevalence of changes in the carbohydrate pro-
file: HbA1С – 7.07 ± 0.14 % versus 4.74 ± 0.24 %, р < 0.001; insulin – 18.70 ± 1.28 mIU/mL ver-
sus 15.10 ± 0.49 mIU/mL, р < 0.001), along with changes in GGTP (79.44 ± 1.89 IU/L versus  
62.67 ± 5.23 IU/L) and alkaline phosphatase (AP) levels, р = 0.025 (Table 2).

Table 2
The metabolic values depending on the level of TSH (from 4 to 10 mIU/mL and more than 10 mIU/mL) in 
women having NAFLD in combination with SH over 50 years, M ± m

Indicator TSH from 4 to 10 mIU/mL n = 22 TSH > 10 mIU/mL n = 25 P-value
Fasting glucose, mmol/L 4.26 ± 0.17 6.66 ± 0.17 p < 0.001
Insulin mIU/mL 15.10 ± 0.49 18.70 ± 1.28 p < 0.001
HbA1C, % 4.74 ± 0.24 7.07 ± 0.14 p < 0.001
GGTP, IU/L 62.67 ± 5.23 79.44 ± 1.89 p = 0.025
AP, IU/L 1540.33 ± 130.95 1857.11 ± 31.31 p = 0.025

The data obtained indicate about the impact of TSH level in women over 50 years having 
NAFLD combined with SH on the formation of changes in carbohydrate metabolism, as well as the 
progression of changes in the liver tissue. 

The presence of a correlation between AST and HbA1c (r = 0.39, p = 0.006); GGTP and fast-
ing glucose (r = 0.59, p = 0.001); total, direct bilirubin and antibody levels to thyroperoxidase, which 
was (r = 0.89, p = 0.04 and r = 0.99, p = 0.001), respectively, has been proof of the influence of liver 
functional status on the metabolic parameters of patients with NAFLD in combination with SH.

The dependence of ED and inflammation was analyzed in women with NAFLD in combi-
nation with SH, taking into account the level of TSH and age. Significant differences were obtained 
for all indicators in women aged ≤ 50 years: circulating desquamated endothelial cells (CEC) –  
9.88 ± 0.52 cells/100 μl versus 6.67 ± 0.33 cells/100 μl, p = 0.006; VEGF – 398.94 ± 25.74 pg/ml 
versus 97.08 ± 19.39 pg/ml, p = 0.001; CRP – 10.64 ± 1.02 mg/L versus 7.58 ± 1.14 mg/L, p = 0.001; 
TNF-α – 11.93 ± 0.92 versus 8.6 ± 0.54, p = 0.001 (Table 3) that may indicate the role of age in the 
development of vascular events in patients with NAFLD in combination with SH.

Table 3
Comparison of ED indicators and inflammatory markers depending on TSH in women of different ages 
suffering from NAFLD in combination with SH, M ± m 

Indicators
Endothelial dysfunction indicators and inflammatory markers in subgroups ≤ 50 years

TSH from 4 to 10 mU/L n = 23 TSH > 10 mU/L n = 24 P-value
CECs, cells/100 μl 6.67 ± 0.33 9.88 ± 0.52 0.006
VEGF, pg/ml 197.08 ± 19.39 398.94 ± 25.74 0.001
СRP, mg/L 7.58 ± 1.14 10.64 ± 1.02 0.001
TNF-α 8.60 ± 0.54 11.93 ± 0.92 0.002

Indicators
Endothelial dysfunction indicators and inflammatory markers in subgroups > 50 years 

TSH from 4 to 10 mU/L n = 22 TSH > 10 mU/L n = 25 P-value
CECs, cells/100 μl 11.00 ± 1.00 13.58 ± 1.54 >0.05
VEGF, pg/ml 442.79 ± 81.36 499.79 ± 24.69 >0.05
СRP, mg/L 7.68 ± 1.25 8.70 ± 0.66 >0.05
TNF-α, pg/ml 6.90 ± 0.86 8.90 ± 0.44 0.02 
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Thus, in the age group of 50 years and above, only TNF-α was statistically higher in female 
group with TSH level from 4 to 10 mIU/mL – 8.90 ± 2.14 pg/ml versus 6.90 ± 1.06 pg/ml, p = 0.02.

Comparison of indicators of vascular endothelium in the group of women with NAFLD 
in combination with SH significantly differed depending on age (>50 years and ≤50 years), with  
a predominance of CECs and VEGF indicators in the older age group, p < 0.01. 

The relationship between the lipid profile and metabolic parameters demonstrates a mo-
derate inverse correlation between HDL–CH and the level of CRP – r = –0.33, p = 0.029; hip – 
r = –0.39, р = 0.050; intima–media complex thickness – r = –0.34, р = 0.026; straight line – bet-
ween TSH and CRP – r = 0.34, p = 0.025. Among the indicators of the lipid profile there was  
a direct correlation: between the indicator of total cholesterol (TC) and CRP – r = 0.49, p = 0.022;  
CDECs – r = 0.49, p = 0.025; VLDL-CH – r = 0.47, p = 0.028; TSH – r = 0.74, p = 0.001, between 
the index VLDL-CH and CECs – r = 0.69, p = 0.001; VEGF – r = 0.59, p = 0.004; CRP – r = 0.43, 
p = 0.048; TSH – r = 0.54, p = 0.038.

We have individually analyzed the features of hormonal and metabolic changes depending 
on the degree of CVR. Depending on the level of CVR in patients having NAFLD with SH, signif-
icant differences were found between the group of moderate and low CVR that was characterized 
by a significant increase in body weight – 79.50 ± 0.50 kg versus 75.57 ± 1.42 kg, p = 0.010; indica-
tors of the carbohydrate profile – glucose – 6.23 ± 0.17 mmol/l versus 4.20 ± 0.13 mmol/l, p = 0.048; 
HbA1C – 6.86 ± 0.67 % versus 4.88 ± 0.73 %, p = 0.089; fasting insulin 16.42 ± 0.76 uIU/mL versus 
14.23 ± 0.65 uIU/mL, p = 0.018; GGTP activity – 73.47 ± 5.67 U/L versus 58.00 ± 5.23 U/L, p = 0.048 
with the increase of TSH – 6.50 ± 0.17 mIU/mL versus 3.06 ± 0, 15 mIU/mL, p = 0.045 (Table 4).

Table 4
Comparison of hormonal and metabolic parameters in women with NAFLD combined with SH depending on 
the degree of CVR in the groups of low and moderate CVR, M ± m

Indicators Low CVR n = 22 Moderate CVR n = 49 P-Value
Fasting glucose, mmol/L 4.20 ± 0.13 6.23 ± 0.17 0.048
Insulin, uIU/mL 14.23 ± 0.65 16.42 ± 0.76 0.018
HbA1С, % 4.88 ± 0.73 6.86 ± 0.67 0.089
Total cholesterol (TC), mmol/L 5.68 ± 0.10 5.86 ± 0.13 0.93
TG, mmol/L 2.10 ± 0.04 2.25 ± 0.08 0.834
VLDL-CH, mmol/L 0.76 ± 0.15 0.87 ± 0.01 0.784
HDL-CH, mmol/L 1.03 ± 0.095 0.92 ± 0.04 0.831
LDL-CH, mmol/L 3.19 ± 0.73 3.62 ± 0.17 0.854
AC 3.96 ± 0.96 4.59 ± 0.31 0.737
АST, IU/L 31.83 ± 4.65 35.19 ± 1.64 0.322
АLТ, IU/L 42.00 ± 4.92 48.02 ± 2.11 0.483
GGTP, IU/L 58.00 ± 5.23 73.47 ± 5.67 0.048
AP, nmol/h∙L 1583.50 ± 66.85 1751.19 ± 62.64 0.405
TSH, mIU/mL 3.06 ± 0.15 6.50 ± 0.17 0.045
Free Т4, mU/L 11.54 ± 0.15 13.03 ±  0.71 0.288

When comparing hormonal and metabolic parameters in the groups of moderate and high 
CVR, significant differences in the lipid profile were revealed: TC – 7.24 ± 0.22 mmol/L versus 
5.86 ± 0.13 mmol/L, р = 0.001; TG – 2.75 ± 0.11 mmol/L versus 2.25 ± 0.08 mmol/L, р = 0.001; 
VLDL-CH – 1.03 ± 0.05 mmol/L versus 0.87 ± 0.01 mmol/L, р = 0.008. More significant changes 
were observed in indicators of the functional state of the liver (ALT – 64.05 ± 2.74 IU/L versus 
48.02 ± 2.11 IU/L, p = 0.001; GGTP – 90.95 ± 2.31 IU/L versus 73.47 ± 5.67 IU/L, p = 0.001; AP – 
2026.68 ± 33.38 nmol/h∙L versus 1751.19 ± 62.34 nmol/h∙L, p = 0.001). The increase in the degree 
of CVR occurred against the background of the deepening of the degree of SH (8.26 ± 0.30 mU/L 
versus 6.50 ± 0.17 mU/L, p = 0.001) (Table 5).
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Table 5
Comparison of hormonal and metabolic parameters in women having NAFLD in combination with SH, 
depending on the degree of CVR, in the groups of moderate and high CVR, M ± m

Indicators Moderate CVR n = 49 High CVR n = 23 P-Criterion
Fasting glucose, mmol/L 6.23 ± 0.17 7.09 ± 0.27 0.01
Insulin, uIU/mL 16.42 ±  0.76 23.59 ± 2.62 0.02
HbA1С, % 6.86 ± 0.67 7.23 ± 0.18 0.13
Total cholesterol (TC), mmol/L 5.86 ± 0.13 7.24 ± 0.22 0.001
TG, mmol/L 2.25 ± 0.08 2.75 ± 0.11 0.001
VLDL-CH, mmol/L 0.87 ± 0.01 1.03 ± 0.05 0.008
HDL-CH, mmol/L 0.92 ± 0.04 0.90 ± 0.05 0.76
LDL-CH, mmol/L 3.62 ± 0.17 4.31 ± 0.27 0.04
AC 4.59 ± 0.31 5.59 ± 1.99 0.43
АSТ, IU/L 35.19 ± 1.64 38.73 ± 2.67 0.27
АLТ, IU/L 48.02 ± 2.11 64.05 ± 2.74 0.001

GGTP, IU/L 73.47 ± 5.67 90.95 ± 2.31 0.001

AP, nmol/h∙L 1751.19 ± 62.64 2026.68 ± 33.38 0.001
TSH, mIU/mL 6.50 ± 0.17 8.26 ± 0.30 0.001
Free Т4, pmol/L 13.03 ± 0.71 16.63 ± 0.37 0.001

In the group of NAFLD patients with SH with low CVR, there was a correlation between 
lipid metabolism indicators (TG indicator correlated with insulin indicator r = 0.84, p = 0.035) 
and an inverse correlation (HDL-CH with CRP indicator – r = –0.97, p = 0.002; TG – r = –0.95, 
p = 0.004; insulin – r = –0.87, p = 0.024; TSH – r = –0.88, p = 0.022).

In the course of the study the content of endothelial dysfunction indicators and inflamma-
tory markers were analyzed depending on CVR in women suffering from NAFLD in combination 
with SH of moderate and low risk, significant differences in CECs and TNF-α indicators were 
revealed (11.93 ± 0.54 cells/100 μl versus 8.83 ± 1.10 cells/100 μl, p = 0.010 and 8.9 ± 0.37 pg/ml ver-
sus 6.9 ± 0.66 pg/ml, p = 0.010, respectively). At the same time, there were significant differences 
in CECs and TNF-α (15.68 ± 1.08 cells/100 μl versus 11.93 ± 0.54 cells/100 μl, p = 0.001; VEGF – 
646.44 ± 58.11 pg/ml versus 422.82 ± 10.01 pg/ml, p = 0.001)in women having NAFLD combined 
with SH of high and moderate CVR.

An inverse correlation in patients with low CVR was observed between CECs and GGTP 
level – r = 0.73, p = 0.099. Connections of CECs were not so expressed in patients with moder-
ate CVR and were distributed as follow: with TG index – r = 0.43, p = 0.004 and CRP – r = 0.30, 
p = 0.050. It is likely that the obtained data caused by the fact that during the transition from the 
category of low to moderate CVR, a large number of factors influence its formation in patients with 
NAFLD combined with SH.

Analysis of correlations in patients suffering from NAFLD combined with SH having a high 
CVR revealed the presence of a direct relationship between CECs and VEGF – r = 0.53, p = 0.011 
and total cholesterol – r = 0.48, p = 0.025.

Thus, the formation of CVR in women having NAFLD combined with SH occurs under the 
conditions of complex interactions between hormonal and metabolic parameters and indicators, 
each can be important and, even, essential for the further course of the disease.

4. Discussion
Our study demonstrated that in females under 50 years old who have NAFLD in combina-

tion with SH, prevailed changes in the lipid spectrum of blood serum with a significant increase 
in GGTP. Furthermore, in females over 50 years old dominated changes in carbohydrate metabo-
lism with changes in liver parameters, which indicates the progression of the course of NAFLD.  
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Probably, these changes are influenced not only by age, but also by the aggravation of hypothy-
roidism degree. Thyroid hormones are well known to regulate a wide range of metabolic parame-
ters, including lipoprotein metabolism and CVD risk factors.

It was found that, depending on the level of TSH, age of patients, the degree of CVR in 
patients with NAFLD in combination with SH, changes were distinguished in metabolic pa-
rameters in the form of a significant increase in TG (p < 0.001), HDL cholesterol (p = 0.023),  
GGTP (p < 0.001), insulin (p = 0,003), CRP (p < 0.05), which indicates the contribution of thyroid 
dysfunction in the formation of cardiometabolic risk. During our study, it was found that women 
under 50 years old with NAFLD in combination with SH had metabolic changes, the indicators of 
which are significantly affected by TSH levels > 10 mIU/mL. Increasing the level of GGTP depend-
ing on the level of TSH in women with NAFLD in combination with SH, in our opinion, confirms 
the indirect relation of the membrane-specific enzyme GGTP in the formation of atherosclerotic 
plaque. At the same time in women older than 50 years, there were significant differences in groups 
depending on the level of TSH > 10 mIU/mL and were dominated by changes in the carbohydrate 
profile, vascular endothelium and inflammatory markers showed a significant prevalence of CDEC 
and VEGF, p < 0.01. Our data coincide with a study showing that cases of SH are risk factors for 
dyslipidemia compared with the control group [21]. In another study by Sharma R. et al., it was 
shown that patients with SH had significantly increased levels of highly sensitive CRP, lipopro-
tein A, CHD and LDL compared with these parameters of the control group [21]. Teran V. S. and 
Calle M. A. showed that TSH levels were statistically related to CHD and LDL levels [22]. Some 
reviews have examined the relationship between SH and dyslipidemia with varying results. A pro-
spective EPIC-Norfolk study found significantly elevated serum levels of cholesterol, LDL choles-
terol, and TG in SH only in female [23]. 

Thus, the combination of NAFLD with SH forms an abnormal metabolic phenotype, 
which is characterized by the presence of dyslipidemia, hyperinsulinemia on the background of 
oxi dative stress and ED. From the perspective of endothelial dysfunction and vascular aging, we 
proved the influence of the thyroid gland condition and age on the vascular endothelium state 
in patients with NAFLD. Similar changes have been found by some researchers. In a study by  
Erman H. et al. it was found that ED is detected even within normal TSH values and worsens with 
increasing TSH levels [24]. There are suggestions about the influence of a woman’s postmeno-
pausal status on the indicators of vascular stiffness of the arterial wall, which depend on the con-
dition of the thyroid gland [25]. 

There is no doubt that the mechanisms of ED development in comorbid pathology, namely 
NAFLD in combination with SH, are complex and insufficiently studied. Determination of circu-
lating endothelial cells in the blood as a marker of vascular endothelial damage is currently one of 
the simplest, most informative and accessible methods. Some authors have proved the increase in 
these cells in various pathological conditions, including CVD [26]. 

Attention should be given not only to age depending factors, but also to the increase in in-
flammation markers. CRP is an integral indicator that reflects the inflammation of low degrees of 
gradation, as it is an indirect marker of ED. Significant increase in the group of women under 50,  
in our opinion, can be regarded as a factor that initiates «vascular» aging, along with the expression 
of ED indicators – VEGF and CECs, cells.

Study limitations. Our study included patients of only certain age groups (40–49 and  
50–59 years old). Perhaps in other age groups (wider age range) metabolic and hormonal parame-
ters will have different characteristics. The limitation of our work was also the fact that the patients’ 
intake of hormone replacement therapy was not taken into account.

Prospects for further research in the development of methods for early drug correction of 
hormonal and metabolic changes in women with NAFLD in combination with SH of different age 
groups in order to prevent «vascular» aging.

5. Conclusion
In women suffering from NAFLD combined with SH, metabolic changes develop already at 

a young age (less than 50 years) and their values are reliably influenced by TSH level < 10 mIU/mL. 
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Increasing the level of GGTP depending on the level of TSH in women with NAFLD in combina-
tion with SH, in our opinion, confirms the indirect participation of the membrane-specific enzyme 
GGTP in the processes of atherosclerotic plaque formation. 

At the same time, in women over 50 years old, extensive differences in the groups depend-
ing on the TSH level > 10 mIU/mL were found with their distinquishing features including pre-
dominant carbohydrate profile changes, a significant predominance of CEC and VEGF, p < 0.01 on 
indicators for endothelial dysfunction and inflammatory markers. 

The results of the study have demonstrated that in women, younger than 50 years old, with 
NAFLD in combination with SH, changes that are associated with endothelial dysfunction, im-
mune inflammation are formed, the severity of which depends on the level of TSH.
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