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Abstract. Background. The purpose of the study was to investigate the biochemical blood peculiarities and cyto-
kine profile in non-alcoholic fatty liver disease (NAFLD) patients depending on the form of hypothyroidism. Material 
and methods. The study involved 188 NAFLD patients (average age 53.60 ± 12.34 years). Among the examined 
individuals 44 of them had diagnosed hypothyroidism in addition to NAFLD (20 patients had subclinical form and 
24 patients had manifest hypothyroidism). A comparison group consisted of 144 NAFLD patients with thyroid nor-
mal functional activity. The control group consisted of 45 healthy individuals represented by their age and gender 
similar to the patients of the studied groups. Biochemical blood parameters, tumor necrosis factor α, interleukin-10, 
leptin, adiponectin blood levels were investigated in the observed patients and healthy individuals. Results. Total 
lactate dehydrogenase blood activity in NAFLD patients with subclinical and manifest hypothyroidism was found to 
be 13.5 % increased compared to the NAFLD patients with normal functional activity of the thyroid gland (p = 0.02 
and p = 0.01, respectively). Higher alkaline phosphatase blood activity by 12.0 % (p = 0.03) was recorded in 
NAFLD and manifest hypothyroidism patients as compared to the patients with intact thyroid gland. Leptin blood 
concentration in NAFLD patients with subclinical as well as manifest hypothyroidism was 35.7 % and 72.1 % in-
creased compared to NAFLD patients with normal thyroid functional activity (p = 0.04 and p = 0.009, respectively). 
Adiponectin blood level in NAFLD patients with manifest hypothyroidism was 2.1 lower (p = 0.004) in comparison 
with NAFLD patients with thyroid normal functional activity and 50.0 % lower (p = 0.009) as compared to the 
NAFLD patients with subclinical hypothyroidism. NAFLD and manifest hypothyroidism patients showed greater 
vertical size of the liver measured by midclavicular line on average by 9.1 mm (p = 0.004) as compared to NAFLD 
patients with unchanged thyroid gland functional activity and by 8.6 mm (p = 0.04) in comparison with the NAFLD 
patients with subclinical hypothyroidism. Conclusions. There were found higher total lactate dehydrogenase acti
vity and leptin blood level in NAFLD patients with subclinical and manifest hypothyroidism and higher alkaline phos-
phatase activity and lower adiponectin blood level in NAFLD patients with manifested hypothyroidism as compared 
to NAFLD patients with normal functional activity of the thyroid gland. A significant increase in liver vertical size 
measured by midclavicular line was observed in NAFLD patients with manifest hypothyroidism as compared to the 
patients with normal thyroid function or subclinical hypothyroidism.
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Introduction
In recent decades, a significant increase in the pre

valence of nonalcoholic fatty liver disease (NAFLD) 
is observed, which occurs in about one third of adults 
in Western Europe and North America and in 15 % of 
Asian population [3]. The abovementioned is associ-
ated with a growing number of individuals with obesity, 
dyslipidemia, type 2 diabetes and metabolic syndrome. 
In addition to the foregoing factors the conditions with 

occurring NAFLD association are now actively dis-
cussed. Among them hypothyroidism plays an important 
role, which even in subclinical form is associated with 
an increased risk of NAFLD development [2, 5]. Some 
scientists indicate the level-dependent relationship be-
tween the blood concentration of thyroid stimulating 
hormone  (TSH) and NAFLD progression [9]. At the 
same time, free thyroxine (T4) blood content inversely 
correlates with the degree of hepatic steatosis [10]. These 
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associations are possible due to active influence of thy-
roid hormones on metabolism of lipids, carbohydrates, 
proteins and energy exchange [16].

A. Perra et al. studies demonstrates that triiodothyro-
nine (T3) produces a strong inhibitory effect on fatty liver 
development and promotes regression of already formed 
steatosis [17]. T3 also increases the expression of several 
genes involved in the processes of lipogenesis in the liver: 
acyl-CoA synthetase 5 gene, fatty acids transport protein 
gene, glucose-6-phosphate dehydrogenase gene  [4,  6]. 
The positive effect of T3 on hepatic steatosis is also re-
alized through NADP-dependent sirtuin deacylase 
1, which stimulates the oxidation of fatty acids in the 
liver  [19]. The abovementioned indicates that in addi-
tion to oxidation stimulation, thyroid hormones inhibit 
the pathways contributing to the accumulation of lipids 
in the liver and stimulate the expenditure of lipids from 
their depot [8]. In case of their in sufficiency the condi-
tions promoting accumulation of lipidsin the liver appear 
with subsequent addition of inflammatory processes in it.

The purpose of the study was to investigate the bioche
mical blood peculiarities and cytokine profile in NAFLD 
patients depending on the form of hypothyroidism.

Material and methods
The study involved 188 NAFLD patients (aver-

age age 53.6 ± 12.34 years). Among observed patients 
102 (54.3 %) were males, 86 (45,7 %) — females. Among 
the examined individuals 44 of them in addition to 
NAFLD were diagnosed with hypothyroidism including 
20 patients with subclinical form and 24 patients with 
manifest hypothyroidism. 144 NAFLD patients with 
normal functional activity of the thyroid gland served 
as a comparison group. The control group consisted 
of  45  healthy individuals represented by their age and 
gender similar to the patientsof the studied groups.

Diagnosis of NAFLD was verified according to the 
Order of the Ministry of Public Health of Ukraine N 826 
from 11.06.2014, adaptive clinical guidelines based on 
evidence “Nonalcoholic fatty liver disease”  (2014) [1] 
and EASL-EASD-EASO Clinical Practice Guidelines 
for the management of non-alcoholic fatty liver dise
ase  (2016) [5]. Diagnosis of hypothyroidism was veri
fied according to clinical recommendations for diagnosis 
of hypothyroidism of the European Thyroid Associa-
tion (2013) [15], the American Association of Clinical 
Endocrinologists and the American Thyroid Associa-
tion (2012) [7]. Compensation of hypothyroidism was 
determined on the basis of clinical symptoms and in-
dicators of thyroid profile: TSH and free T4, T3 blood 
concentrations.

In order to exclude viral etiology ofliver disease all 
of the patients were tested on possible hepatitis B and 
C infections with the help of polymerase chain reac-
tion method. In all of the examined patients potentially 
dangerous in take of alcohol (consumption more than 
30 g of  ethanol per day for males, and more than 20 g 
of ethanol daily for females) and prolonged administra-
tion of hepatotoxic drugs were excluded [1, 5]. It should 
be noted, that detailed analysis of anamnestic data of 
the observed patients indicated, that the consumption 

of alcohol drinks in lower than the above mentioned 
amounts, happened less than once a week, which elimi-
nates the influence of ethanol as a possible etiological 
factor of liver damage.

All of the patients and healthy individuals underwent 
general comprehensive clinical, laboratory and instru-
mental diagnostic investigations. An informed consent 
was obtained from all the participants. Blood samples 
were obtained in the morning before taking meal from 
the antecubital vein. 5 % solution of disodium salt of 
ethylene diamine tetraacetate was used as an anticoagu-
lant. Biochemical studies were performed on the blood 
biochemical analyzer “Accent-200” (“Cormay  SA”, 
Poland). The range of indicators of biochemical blood 
analysis included: total bilirubin and its fractions, uric 
acid, total protein and albumin, urea, creatinine, plas-
ma enzyme activity (aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), lactate dehydrogenase 
(LDH), alkaline phosphatase (AP), gamma-glutamyl 
transferase (GGT)).

Examination of cytokine and adipokine profiles 
were performed on the immunoenzyme analyzer “Stat-
fax 303/Plus” (“Awareness Technology Inc.”, USA). 
The plasma levelsoftumor necrosis factor α (TNF-α) 
(“Bender MedSystems GmbH”, Austria), interleu-
kin-10 (Il-10) (“Bender MedSystems GmbH”, Austria), 
leptin (“Diagnostics Biochem Canada Inc.”, Canada), 
adiponectin (“BioVendor — Laboratorni medicina”, 
Czech Republic) were investigated in the examined pa-
tients and healthy individuals.

Type of data distribution was determined by compa
ring the arithmetic mean, median and mode, and using 
Shapiro-Wilkie test. To determine the statistical diffe
rences between two independent groups Mann-Whitney 
test was applied. P-values < 0.05 (p < 0.05) were consi
dered statistically significant.

Results
Patients with combined liver and thyroid patholo-

gies admitted more pronounced complaints on pain 
and feeling of heaviness in the right subcostal area, 
frequent nausea, decreased overall health and greater 
general weakness, worse clinical course of the disease as 
compared to NAFLD patients with normal functional 
activity of the thyroid gland. An objective examination 
of these patients revealed frequent moderate pain and 
feeling of heaviness in the right subcostal area, hepa-
tomegaly, presence of xanthomas, xanthelasmas and 
telangiectasis.

Investigations of biochemical blood tests showed sig-
nificantly greater glucose, uric acid, urea, higher AST, 
ALT, GGT activities in the blood of NAFLD patients 
with normal functional activity of the thyroid gland as 
well as in NAFLD patients with thyroid hypofunction 
(table 1). Total LDG plasma activity in NAFLD patients 
with subclinical and manifest hypothyroidism prevailed 
proper indicator in NAFLD patients with normal func-
tional activity of the thyroid gland by 13.5 % (p = 0.02 
and p = 0.01 respectively). Significantly higher AP plas-
ma activity by 12.0 % (p = 0.03) was observed in NAFLD 
patients and manifest hypothyroidism as compared to 
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Table 1. Biochemical blood parameters in patients with nonalcoholic 
fatty liver disease depending on the form of hypothyroidism

Plasma level Healthy individuals, 
n = 45 

NAFLD, 
n = 144

NAFLD + subclinical 
hypothyroidism, 

n = 20

NAFLD + manifest 
hypothyroidism, 

n = 24

Glucose, mmol/L 4.70 ± 0.08 6.50 ± 0.18
p1 < 0.0001

6.40 ± 0.54
p1 < 0.0001

6.50 ± 0.55
p1 < 0.0001

Total bilirubin, 
mkmol/L 11.10 ± 0.79 12.60 ± 0.43 12.90 ± 1.77 12.80 ± 1.26

Direct bilirubin, 
mkmol/L 3.10 ± 0.31 3.50 ± 0.22 3.80 ± 0.81 3.50 ± 0.45

Uric acid, mkmol/L 243.30 ± 9.89 341.60 ± 10.14
p1 < 0.0001

328.50 ± 23.28
p1 = 0.0007

327.10 ± 19.73
p1 = 0.0004

Albumin, g/L 45.00 ± 0.41 44.80 ± 0.41 44.30 ± 0.66 44.20 ± 0.71

Total protein, g/L 69.30 ± 0.62 71.80 ± 0.52
p1 = 0.009 71.40 ± 1.01 69.70 ± 1.13

Urea, mmol/L 4.20 ± 0.23 5.40 ± 0.17
p1 = 0.0003

5.30 ± 0.36
p1 = 0.02

5.30 ± 0.38
p1 = 0.02

Creatinine, mkmol/L 82.6 ± 1.80 87.70 ± 1.26
p1 = 0.04 87.40 ± 2.81 85.20 ± 2.62

Aspartate 
aminotransferase, 
units of action/L 

22.60 ± 1.37 29.70 ± 1.45
p1 = 0.01

29.80 ± 4.24
p1 = 0.046

30.30 ± 3.16
p1 = 0.02

Alanine 
aminotransferase, 
units of action/L 

18.50 ± 1.46 35.00 ± 2.17
p1< 0.0001

34.90 ± 4.93
p1 = 0.001

35.80 ± 8.08
p1 = 0.009

Lactate 
dehydrogenase, 
units of action/L 

387.00 ± 13.59 470.20 ± 11.41
p1 = 0.0001

533.70 ± 30.03
p1 = 0.0002

p2 = 0.02

533.50 ± 24.05
p1 < 0.0001
p2 = 0.01

Alkaline phosphatase, 
units of action/L 80.3 ± 3.20 89.40 ± 2.19

p1 = 0.009
92.00 ± 3.15
p1 = 0.005

100.10 ± 5.57
p1 = 0.001
p2 = 0.03

γ-glutamyl transferase, 
units of action/L 21.90 ± 1.62 53.10 ± 3.62

p1 < 0.0001
46.80 ± 9.32
p1 < 0.0001

47.30 ± 4.89
p1 < 0.0001

Notes: p1 — significance of differences as compared to the indicators in the group of healthy people; p2 — 
significance of differences as compared to the indicators in NAFLD patients with normal functional activity of the 
thyroid gland.

NAFLD patients and normal functional activity of the 
thyroid gland, indicating an increased severity of cho-
lestasis [14]. The above-mentioned is probably associ-
ated with a decreased T4 blood concentration in NAFLD 
patients with manifest hypothyroidism, since it is known 
that thyroxin promotes relaxation of Oddi sphincter, 
however its decreased plasma concentration is accom-
panied with the sphincter hypertonicity causing the de-
velopment of cholestasis [11]. Clinically these changes 
of the enzymic activity were reflected in frequent com-
plaints of NAFLD patients with subclinical and especial-
ly manifest hypothyroidism on periodic bitter taste in the 
mouth, nausea, worse overall health, general weakness, 
headache, torpid course of the disease.

The TNF-α plasma content was more than two times 
higher in the examined patients of all groups as compared 
to healthy individuals indicating increase in the activity 
of inflammation processes [13]. However, the analysis of 
IL-10 plasma levels in the observed patients and healthy 
individuals did not reveal any statistically significant dif-
ferences (table 2).

Leptin plasma concentration in NAFLD patients 
with subclinical as well as manifest hypothyroidism 
dominated over the proper parameter in NAFLD 

patients with normal thyroid functional activity by 
35.7 % (p = 0.04) and 72.1 % (p = 0.009), respectively 
(table 2). The adiponectin blood level was significantly 
2.1  times (p = 0.004) lower in NAFLD patients with 
manifest hypothyroidism as compared to patients of the 
comparison group. Moreover, in NAFLD patients with 
manifest forms of hypothyroidism adiponectin blood 
content was lower by 50.0 % (p = 0.009) in comparison 
with the proper indicator in NAFLD patients with sub-
clinical hypothyroidism. 

Discussion
Similar changes in adiponectin blood concentration 

in patients with various forms of NAFLD as compared 
to the healthy people were found by Z.M. Younossi 
et al. [20]. G. Li et al. demonstrated that low adiponec-
tin blood content was associated with the progression 
of steatohepatitis [12], indicating an active observation 
and possible prophylaxis acquired in order to prevent 
NAFLD progression in patients with hypothyroidism. 
Our findings are indicative of the formation of adipo-
kine imbalance in the observed patients, characterized 
by an increased leptin plasma concentration against the 
ground of a decreased adiponectin blood level [18].
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All observed NAFLD patients both with normal 
functional activity of the thyroid gland and concomi-
tant subclinical or manifest hypothyroidism determined 
increased right and left liver lobes sizes, which is typical 
for NAFLD [14]. In particular, in NAFLD patients with 
manifest hypothyroidism a significantly greater vertical 
size of the liver measured by the midclavicular line on an 
average 9.1 mm (p = 0.004) was observed as compared to 
NAFLD patients with unchanged functional activity of the 
thyroid gland and 8.6 mm (p = 0.04) in comparison with 
NAFLD patients with subclinical hypothyroidism (table 3). 
The mentioned enlargement of the right liver lobe was ac-
companied bymore pronounced sensation of heaviness in 
the right subcostal area, pain during liver palpation. No sig-
nificant changes in the sizes of the liver left lobe in NAFLD 
patients of different studied groups were found.

Conclusions
1. Higher total lactate dehydrogenase plasma activity 

was investigated in NAFLD patients with subclinical and 
manifest hypothyroidism, and greater alkaline phospha-
tase activity in the blood — in those with manifest hypo-
thyroidism as compared to proper indicators in NAFLD 
patients with normal functional activity of the thyroid 
gland.

2. Elevated leptin plasma level was observed in 
NAFLD patients with both subclinical and manifest 
forms of hypothyroidism, and lower adiponectin blood 
level — in NAFLD patients with manifest hypothyroid-
ism in comparison with NAFLD patients with intact thy-
roid gland.

3. An increased vertical size of the liver right lobe was 
observed in NAFLD patients with manifest hypothy-
roidism as compared to proper parameter in NAFLD 
patients with normal thyroid function or subclinical hy-
pothyroidism.
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Особливості біохімічних показників крові та цитокінового профілю 
у хворих на неалкогольну жирову хворобу печінки залежно від форми гіпотиреозу 

Резюме.  Мета роботи: вивчити особливості біохіміч-
них показників крові та цитокінового профілю у хворих 
на неалкогольну жирову хворобу печінки (НАЖХП) 
залежно від форми гіпотиреозу. Матеріали та мето-
ди. Обстежено 188 хворих на НАЖХП (середній вік  — 
53,6  ±  12,34 року). Серед обстежених у 20 хворих на 
НАЖХП, окрім захворювання печінки, був діагно-
стований субклінічний гіпотиреоз, у 24 пацієнтів — 
маніфестний гіпотиреоз. У групу порівняння увійшли 
144  пацієнти із НАЖХП із нормальною функціональ-
ною активністю щитоподібної залози. Контрольну гру-
пу становили 45 практично здорових осіб, репрезента-
тивних за віком та статтю щодо пацієнтів досліджуваних 
груп. У крові обстежених пацієнтів та практично здо-
рових осіб досліджували біохімічні показники, визна-
чали рівень фактора некрозу пухлин α, інтерлейкіну-10, 
лептину, адипонектину. Результати. Установлено, що 
активність загальної лактатдегідрогенази в крові хворих 
на НАЖХП із субклінічним та маніфестним гіпотирео-
зом перевищувала таку в пацієнтів із НАЖХП та нор-
мальною функціональною активністю щитоподібної за-
лози на 13,5 % (p = 0,02 і p = 0,01 відповідно). У хворих 
із поєднанням НАЖХП та маніфестного гіпотиреозу за-

фіксовано вірогідно вищу активність лужної фосфатази 
(на 12,0 %, p = 0,03) порівняно з пацієнтами групи по-
рівняння. Концентрація лептину в крові в пацієнтів із 
НАЖХП як із субклінічним, так і з маніфестним гіпоти-
реозом перевищувала таку у хворих на НАЖХП із нор-
мальною функціональною активністю щитоподібної за-
лози на 35,7 % (p = 0,04) та 72,1 % (p = 0,009) відповідно. 
Рівень адипонектину в крові у хворих на НАЖХП та ма-
ніфестний гіпотиреоз був вірогідно меншим, ніж у паці-
єнтів із НАЖХП і нормальною функціональною актив-
ністю щитоподібної залози та хворих на субклінічний 
гіпотиреоз, у 2,1 раза (p = 0,004) та на 50,0 % (p = 0,009) 
відповідно. При поєднанні НАЖХП та маніфестного 
гіпотиреозу у хворих виявляли вірогідно більший вер-
тикальний розмір печінки по середньоключичній лінії 
в середньому на 9,1 мм (p = 0,004) порівняно з пацієн-
тами з НАЖХП та незміненою функціональною актив-
ністю щитоподібної залози та на 8,6 мм (p = 0,04) порів-
няно з хворими на НАЖХП та субклінічний гіпотиреоз. 
Висновки. У хворих на НАЖХП із субклінічним та мані-
фестним гіпотиреозом спостерігаються вища активність 
загальної лактатдегідрогенази та вищий рівень лептину, 
а в останніх — ще й більша активність лужної фосфатази 
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Клінічна тиреоїдологія  /Clinical Thyroidology/

та нижчий рівень адипонектину в крові порівняно з від-
повідними показниками у хворих на НАЖХП та нор-
мальною функціональною активністю щитоподібної 
залози. За наявності маніфестного гіпотиреозу у хворих 
на НАЖХП відмічається вірогідне збільшення верти-
кального розміру печінки по середньоключичній лінії 

порівняно з таким у пацієнтів із нормальним функціо-
нальним станом щитоподібної залози чи субклінічним 
гіпотиреозом.
Ключові слова:  неалкогольна жирова хвороба печінки; 
гіпотиреоз; біохімічні порушення крові; лептин; адипо-
нектин

Присяжнюк В.П., Волошин А.И., Пашковская Н.В.
Высшее государственное учебное учреждение Украины «Буковинский государственный медицинский университет», 
г. Черновцы, Украина

Особенности биохимических показателей крови и цитокинового профиля у больных неалкогольной 
жировой болезнью печени в зависимости от формы гипотиреоза

Резюме.  Цель работы: изучить особенности биохимиче-
ских показателей крови и цитокинового профиля у боль-
ных неалкогольной жировой болезнью печени (НАЖБП) 
в зависимости от формы гипотиреоза. Материалы 
и  методы. Обследовано 188 больных НАЖБП (сред-
ний возраст — 53,6 ± 12,34 года). Среди обследованных 
у  20  больных НАЖБП, кроме заболевания печени, был 
диагностирован субклинический гипотиреоз, у 24 паци-
ентов  — манифестный гипотиреоз. В группу сравнения 
вошли 144 пациента с НАЖБП с нормальной функцио-
нальной активностью щитовидной железы. Контроль-
ную группу составили 45 практически здоровых лиц, ре-
презентативных по возрасту и полу относительно паци-
ентов исследуемых групп. В крови обследованных паци-
ентов и здоровых лиц исследовали биохимические пока-
затели, определяли уровень фактора некроза опухолей α, 
интерлейкина-10, лептина, адипонектина. Результаты. 
Установлено, что активность общей лактатдегидрогена-
зы в крови больных НАЖБП с субклиническим и мани-
фестным гипотиреозом превышала таковую у пациентов 
с НАЖБП и нормальной функциональной активностью 
щитовидной железы на 13,5 % (p = 0,02 и p = 0,01 соответ-
ственно). У больных с сочетанием НАЖБП и манифест-
ного гипотиреоза зафиксирована достоверно более высо-
кая активность щелочной фосфатазы (на 12,0 %, p = 0,03) 
по сравнению с пациентами группы сравнения. Концен-
трация лептина в крови пациентов с НАЖБП как с суб-
клиническим, так и с манифестным гипотиреозом пре-
вышала таковую у больных НАЖБП с нормальной фун-
кциональной активностью щитовидной железы на 35,7 % 

(p = 0,04) и 72,1 % (p = 0,009) соответственно. Уровень 
адипонектина в крови у больных НАЖБП и манифест-
ным гипотиреозом был достоверно меньше, чем у паци-
ентов с НАЖБП и нормальной функциональной актив-
ностью щитовидной железы и больных субклиническим 
гипотиреозом, в 2,1 раза (p = 0,004) и на 50,0 % (p = 0,009) 
соответственно. При сочетании НАЖБП и манифест-
ного гипотиреоза у больных обнаруживали достоверно 
больший вертикальный размер печени по среднеключич-
ной линии в среднем на 9,1 мм (p = 0,004) по сравнению 
с пациентами с НАЖБП и неизменной функциональной 
активностью щитовидной железы и на 8,6 мм (p = 0,04) 
по сравнению с больными НАЖБП и субклиническим 
гипотиреозом. Выводы. У больных НАЖБП с  субкли-
ническим и манифестным гипотиреозом наблюдаются 
более высокая активность общей лактатдегидрогеназы 
и более высокий уровень лептина, а у последних — еще 
и большая активность щелочной фосфатазы и более 
низкий уровень адипонектина в крови по сравнению 
с  соответствующими показателями у больных НАЖБП 
и нормальной функциональной активностью щитовид-
ной железы. При наличии манифестного гипотиреоза 
у  больных НАЖБП отмечается достоверное увеличение 
вертикального размера печени по среднеключичной ли-
нии по сравнению с таковым у пациентов с нормальным 
функциональным состоянием щитовидной железы или 
субклиническим гипотиреозом.
Ключевые слова:  неалкогольная жировая болезнь пече-
ни; гипотиреоз; биохимические нарушения крови; леп-
тин; адипонектин


