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in rheumatoid arthritis patients
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Liver damage in patients with immunoinflammatory rheumatic diseases is one of the urgent problems of modern medicine.
Mostly, nonalcoholic fatty liver disease (NAFLD) is developed in patients with rheumatoid arthritis (RA) with high clini-
cal and immunological activity of the disease. Despite the presence of a large number of studies devoted to the problem
of the development of dyslipidemia and liver steatosis in RA, information about their mechanisms and prevalence of risk
factors remains controversial and requires further research.

The objective: to analyze the state of lipid metabolism in patients with RA in combination with NAFLD and without signs
of liver damage.

Materials and methods. 156 persons who were divided into two groups took part in the study. The main group included
126 patients with RA, the control group — 30 persons without autoimmune pathology.

To determine the parameters of lipid metabolism, the participants underwent a blood laboratory test to study the param-
eters of the lipidogram. An ultrasound examination (USE) of the liver was performed for study the state of the hepatobili-
ary system.

Results. Based on the results of liver USE, it was found that the majority of patients with RA have an increased liver size
and liver fatty infiltration (steatosis) of various degrees of severity. I degree steatosis was determined in 30 (38.96%)
patients with RA, II degree — in 28 (36.36%) and III degree — in 19 (24.67%) RA patients. As for the control group, ste-
atosis I degree was diagnosed in only 1 (3.33%) person, II degree — 1 (3.33%) individual.

The results of the lipidogram study showed that patients with RA and steatosis have elevated serum triglycerides.

An increased total cholesterol was found in patients with RA and NAFLD. Analysis of low-density lipoprotein (HDL)
cholesterol levels showed that RA and NAFLD patients had HDL levels 18.00% lower compared to controls and 21.01%
lower compared to RA patients without NAFLD. An increased LDL in patients with RA and NAFLD indicates the risk of
development of atherosclerosis and cardiovascular diseases in this group of people.

Conclusions. In 77 (61.10%) examined RA patients, liver steatosis of various degrees was detected by ultrasound exami-
nation. The combination of RA with NAFLD is associated with more pronounced proatherogenic dyslipidemias compared
to patients with RA without NAFLD. Hepatic steatosis is associated with a significant increase in TG and LDL choles-
terol levels and an increased atherogenicity.

A standard clinical and laboratory and instrumental examination of patients with RA should include an assessment of the
state of the liver (ultrasound examination, laboratory parameters) and lipid metabolism for further application of thera-
peutic and preventive non-medicinal and medicinal algorithms for the correction of detected disorders.
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Aucninigemia Ta HeanKoroJsibHa XXUpPoBa XBOpo6a NevyiHkM y NauieHTiB 3 peBMaToIigGHUM apTPUTOM
J1. B. XimioH, I. B. Knumachp

OHi€I0 3 aKTyaJIbHUX TPOOJIEM CYYacHOT MEMIIMHN € YPaKeHHS MEeUYiHKU Y MAI[iCHTIB 3 iIMyHO3allaJIbHMKI PEBMATUYHUME
3axBopioBaHHsaMu. Haltuacriiie HeankorosbHa ;kuposa xBopoba neuitnku (HAJKXIT) posBuBaeTbest y XBOPUX HA PEBMATOI/I-
Huii aprput (PA) 3 BUCOKOIO KJIiHIKO-iMyHOJIOTIUHOI aKTHBHICTIO XBopoOu. Hespaxkaoun Ha HasSBHICTb BEJIMKOI KiJIbKOCTI
JOCJIi/IZKEHb, IPUCBSUYEHUX IPOOJIeMi PO3BUTKY AMCIiNigeMii Ta cTreatosy nedinku npu PA, indopMartist 11po ixHi MexaHi3Mu i
MOIIUPEHICT (haKTOPIB PUBUKY BAIMIIAETHCS CYNEPEWINBO0 Ta ITOTPEOYE MOAAIBIINX AOCTiIZKEHb.

Mema docnidxcenns: araji3 cramy JimiaHoro o6miny y xBopux Ha PA y noennanti 3 HAJK XTI ta 6e3 03HaK ypaskeHHsI TIeUiHK.
Mamepianu ma memoou. Y jocnijzxenti B3siim yuactb 156 oci0, sikux GyJio posnogineno Ha Asi rpymu. J[o oCHOBHOT rpytin
yBiitm 126 xgopux Ha PA, 110 rpyru korTposio — 30 ocib 6e3 ayToiMyHHOI IIaToJIO0r .

JJist BUBYEHHS TIOKA3HUKIB JITTAHOTO 0OMIHY yYacHUKAM JOCTiZKEHHST TIPOBOANIIN JTabopaTopHe MOCTiKEHHS KPOBi 3 BH-
3HAUCHHAM TIOKa3HUKIB Jinigorpamu. /st XapaKTepUCTUKU CTaHy TenartobiiiapHOT CUCTeMU POBEJICHO YJIbTPa3ByKOBE J10-
crimpkenns (Y 3/1) neuinku.

Pesyavmamu. Ha niacrasi pesyabraTis Y 3/ nedinku BUABJIEHO, 0 y Gisbinocti XxBopux Ha PA criocrepiraerbes 36i1bienHs
PO3MipiB neyiHKu Ta jK1poBa iHdiIbTpallis nedinku (cTeatos) pisHoro crymens BakkocTi. Crearos I crynens 3adikcosano y
30 (38,96%) xBopux na PA, II crymnens — y 28 (36,36%) Ta III crynens — y 19 (24,67%) xsopux na PA. [Ilogo rpynu xonTt-
poutio, To smtie B 1 (3,33%) ocobu Busiienuii crearos I crynensi i B 1 (3,33%) — crearos I crymenst.

PesynpraTtn gocipkeHHs JTimiorpaMu IpoieMOHCTPYBAJIH, 10 Y TAIli€HTIB i3 PA Tta crearosom Yy CUpOBaTLi KPOBi crIoCcTepi-
raeThbCs MiJIBULIEHHS PiBHS TPUTJIIIEPU/LIB.

Y xBopux mHa PA i HAKXII 3adikcoBano miBUIIeHHS BMiCTy 3araJlbHOTO XOJIeCTepuHy. AHATI3 MMOKa3HUKIB BMiCTy X0Jec-
Tepuny Jinonporeinis Hu3bkoi niizbrocti (JIIIBIIL) npogemonctpysas, mo y natmientis 3 PA ta HAJKXII pisens JITIBIIL Ha
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18,00% mwskue mopiBHsiHO 3 KonTposeM Ta Ha 21,01% Hikde mopiBHSAHO 3 TTOKa3HuKaMu rpynu naimientis 3 PA 6e3 HAYKXII.
[MigBumenns pisus JIITHI y xBopux na PA ta HAKXII ¢BigunTh po HasIBHICTb PU3UKY PO3BUTKY aTEPOCKJIEPO3Y Ta ceplie-

BO-CYAMHHIX 3aXBOPIOBaHb Y 1Iill rpyIIi ocib.

Bucnosexu. Y 77 (61,10%) o6creskenux xgopux Ha PA 3a joriomororo Y 3/1 BUsiBieHo creatos nedinku pisaoro crynenst. [oej-
Hauust PA 3 HAJKXII acomitoerbest 3 GisibIil BUPaKEHUMU 1POATEPOreHHUMU JUCIIITIIEMisIMU OPIBHSHO 13 naiienTamu 3 PA
6e3 HAJKXII. Crearos medinkn moB’s3anuii 3 ictoTHuM miguinenssM pisis TT i xomectepunom JITTHIIL ta 36ibineHtsM

ATEPOreHHOCTI.

CrangapTHe KJIiHIKO-71aG0paTOpHE Ta iHCTPyMEeHTalbHe 0OCTEKEHHSI XBOPUX Ha PA Mae BKJHOYATU OIHKY CTaHYy HEYiHKU
(Y31, nabopaTOpHi MOKa3HUKK ) Ta JIiHOro 0OMiHY /I IOJAIBLIOr0 3aCTOCYBaHHsI JIiKyBaIbHO-IPOMIIAKTUYHUX HEME/IH-
KaMEHTO3HUX i MeJIMKAMEHTO3HUX a/ITOPUTMIB KOPEKILii BUABJIEHUX IIOPYIIEHb.

Kmouoegi cnosa: peemamoionuii apmpum, Heanikozoivia Jeuposa x6opoba neuinkie, 1inionutl 0omin, ouciinioemis.

Frequent development of liver damage, including non-
alcoholic fatty liver disease (NAFLD), in patients
with rheumatoid arthritis (RA) is one of the significant
scientific and practical problems, actively investigated
during last decade. RA course is manifested by system-
ic immunological (autoimmune) inflammation, which
accompanied by a wide range of extra-articular organs
damage, of which liver pathology is prominent, including
NAFLD. Most often, NAFLD develops in RA patients
with high clinical and immunological activity of the
disease (Wendt M.M.N,, de Oliveira M.C. et al., 2019).
According to a meta-analysis, 1 in 3 patients with RA had
NAFLD, which is comparable to the overall prevalence in
the general population (Zamani M., Alizadeh-Tabari S. et
al., 2023), at the same time in ultrasound studies after ad-
justment for all main NAFLD risk factors, RA was found
to be an independent risk factor significantly associated
with moderate to severe liver steatosis, with the odds ratio
of 2.24 compared to healthy controls [14].

There is an increasing evidence suggesting an associa-
tion between liver disease and inflammatory arthritis. Al-
though only a few number of studies evaluated the mecha-
nisms of development of NAFLD in inflammatory joint
diseases. Most of the studies carried out to investigate
liver damage in patients with inflammatory arthritis have
been mainly focused on the possible hepatotoxic effect of
methotrexate (Ogdie A., Grewal S.K. et al., 2018).

RA can be associated with a number of extra-
articular manifestations or comorbidities, including
cardiovascular diseases, gastrointestinal, kidney, and lung
disorders, metabolic alterations (obesity, type 2 diabetes
mellitus, metabolic syndrome, dyslipidemia), infections,
osteoporosis, tumors, and depression [2, 20, 24]. In addition,
the liver injury might be considered as an extra-articular
manifestation of these inflammatory arthritis, especially
the development of NAFLD [7]. However, there is some
controversy between the occurrence of liver pathology as an
extra-articular manifestation or as a result of hepatotoxicity
of anti-inflammatory and disease-modifying treatment [4].

At present, the pathophysiological link between liver
damage and inflammatory arthritis is unknown, although
the potential mechanisms can involve adipocytokines, al-
tered lipid profile, obesity and the treatment administered.

It is recognized that RA is associated with alterations
in lipid pattern. These alterations are derived from the
effect of inflammatory response and mainly translated
into a deregulation in the levels of cholesterol, triglyc-
erides, LDL-C and HDL-C that are directly involved in
the development of atherosclerosis [4, 5]. It is notewor-
thy to mention the existence of the RA-associated “lipid
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paradox” in which from the one hand there is an inverse
association between cholesterol and cardiovascular risk
and secondly, treatments aimed to reduce inflammation
induce certain elevations in lipid levels [10, 27]. It is pos-
sible that liver steatosis can increase the frequency of the
drugs hepatotoxic adverse events in RA patients. The vice
versa is also possible, but results of the studies focused on
evaluation of influence of methotrexate cumulative dose
on the NAFLD development are conflicting [8].

Hyperlipidemia is considered as an important risk fac-
tor for the development of various pathologies, in particu-
lar, NAFLD (Lambert J.E., Ramos-Roman M.A. et all,
2014). One of the reasons for the development of NAFLD
is an imbalance between the intrahepatic production of
TG, obtained mainly from plasma fatty acids that enter
the liver, and the removal of intrahepatic triglycerides as
part of VLDL-C (Vaziri N.D., 2016).

In turn, NAFLD can also lead to dyslipidemia, the most
common manifestation of which is the “lipid triad”: low
high-density lipoprotein cholesterol (HDL-C), elevated
low-density lipoprotein cholesterol (LDL-C), and
hypertriglyceridemia (Xu M.X,, Ge C.X,, et al., 2019). At
the same time, each component of this triad can indicate
theseverity of NAFLD and is an independent risk factor for
other pathologies. Among all classes of lipoproteins, low-
and high-density lipoproteins deserve special attention, as
they are of great importance in assessing the state of the
liver in NAFLD. LDL-C is synthesized in the liver and is
the main transport form of cholesterol in the liver, adrenal
glands and other organs and tissues. It is believed that up
to 70% of all transported plasma cholesterol is accounted
for by LDL-C [17, 19].

It is known that in RA patients cardiovascular risk
is higher, atherosclerosis develops earlier than in general
population and NAFLD can be the hepatic manifestation
of the systemic dysmetabolic process. In case of its further
progression it can significantly alter drugs metabolism
and drugs tolerance which can negatively impact treat-
ment efficacy.

At the most cases, chronic inflammatory process ob-
served in the body during this pathology contribute to
disorders of the blood lipid spectrum in RA. Current stud-
ies have shown that in active RA, disturbances the lipid
profile are characterized by an increase in the concentra-
tion of total cholesterol and a decrease in HDL choles-
terol, which leads to an increase in the atherogenic index.
The results of numerous studies indicate an increase in
the frequency of dyslipidemia in this category of patients
(up to 84%) [12]. In RA patients, several years before the
clinical manifestation of the disease, there is an increase
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in the level of cholesterol and a decrease in HDL choles-
terol. In patients with early RA, an increase in the level of
antibodies to oxidized LDL-C and a decrease in the activ-
ity of lipoprotein-associated phospholipase A,, which are
involved in the pathogenesis of both early RA and athero-
sclerosis, were noted [1, 16, 22].

Despite the extreme importance of the problem of
dyslipidemia and its consequences (NAFLD, atheroscle-
rosis, cardiovascular diseases) both from a theoretical and
practical point of view, and the presence of a large number
of studies devoted to the problem of the development of
dyslipidemia and liver steatosis in RA, information about
their mechanisms and prevalence of risk factors remains
controversial, and still need further investigations.

The objective: to investigate serum lipids levels in RA
patients with NAFLD and without signs of liver damage.

MATERIALS AND METHODS

A comprehensive clinical, laboratory and instrumental
examination of 126 patients with RA and 30 people without
autoimmune pathology as a control group was performed.

All RA patients met the following inclusion criteria:
provided written patient consent to participate in the
study; female and male patients aged 20 to 55 years old;
the diagnosis of RA was established according to the
criteria of ARA, 1987.

The control group consisted of patients who met the
following inclusion criteria: provided written patient
consent to participate in the study; female and male
personsaged 20 to 55 years old; absence of any autoimmune
pathology, inflammatory conditions and diseases; absence
of any chronic diseases in the active phase.

According to the inclusion criteria, RA patients and
people of the control group who had an increase in the
level of ALT, AST three times or more from the upper
limit of normal were not included in the study. All RA
patients included in the study and people of the control
group had negative results of hepatitis B (HBsAg, AB-
HBcor), hepatitis C (HCV, AB-HCV) and markers of
autoimmune hepatitis (Hamumm MpanBIbHO SIKi aTUTIIA).

The main data on the clinical and demographic
characteristics of patients with RA and the control group
are shown in Table 1.

In order to study the parameters of lipid metabolism
the laboratory blood test was performed. There were deter-
mined the parameters of the lipid profile (total cholesterol

(TC), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), very low-density
lipoprotein cholesterol (VLDL-C), triglycerides (TG),
atherogenic index (IA)). Determination of the level of cho-
lesterol, HDL cholesterol and TG were carried out on an
automatic biochemical analyzer OLYMPUS AU-400 (Ja-
pan) using «Beckman Counter» kits (USA) according to
the manufacturer’s method. In none of the RA patients and
the control group included in the study did the TG level of
blood serum exceed 4.5 mmol/l, which made it possible to
use the calculation method according to the W. T. Fried-
wald’s formula (1997) in mmol /1 [25] to determine the con-
tent of LDL-C and VLDL-C in blood serum:

LDL-C = TC - HDL-C — (TG*0.45);

VLDL-C=TC - HDL-C - LDL-C.

The atherogenicity index was calculated according
to the formula of A. N. Klimov (Stupnytska H. Ya., Fe-
div O. 1, et al., 2015):

IA=(TC-LDL-C)/ HDL-C.

To characterize the state of the hepatobiliary system,
an ultrasound examination of the liver was performed. All
ultrasounds were performed by one doctor, the study was
performed on the ULTIMA PRO-30 ultrasound machine,
«RADMIR», Kharkiv, using the C2-5 MHz convex sensor.

Analysis and processing of statistical data of the con-
ducted clinical studies was carried out on a personal com-
puter using the STATISTICA 10.0 StatSoft for Windows
and MS Excel XP application program package.

RESULTS AND DISCUSSION

Based on the ultrasound of the liver was found that
77 (61.1%) RA patients have an increase in the size of
the liver and fatty infiltration of the liver (steatosis) of
varying grades of severity, which are probable ultrasound
criteria for fatty liver disease.

According to our study results, fatty liver infiltration
of the first grade was observed in 30 (38.96%) RA patients,
IT grade — in 28 (36.36%) and III grade — in 19 (24.67%)
RA patients. As for the control group, only 1 (3.33%) per-
son had grade I steatosis and 1 (3.33%) person had grade
I1 steatosis. Grade III fatty liver infiltration was not regis-
tered in the control group.

Therefore, the NAFLD detected in the early stages of
development — at the stage of steatosis, in RA patients
is considered within the framework of the liver compo-
nent of metabolic syndrome, and may be associated with

Table 1

Clinical and demographic characteristics of RA patients and control group individuals
RA patients, n=126

Control group, n=30

Indicator Distribution feature

n % n %

Women 102 80.95 25 83.33
Gender
Men 24 19.05 5 16.67
A Young 53 42.06 13 43.33
e

g Average 73 57.94 17 56.67

I, DAS28<3.2 7 5.56 - -

Grade of RA activity Il, 3.2<DAS28<5.1 79 62.7 - -

IIl, DAS28>5.1 40 31.75 - -
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Fig. 1. Serum triglycerides in study patients
groups

Notes: * — the difference to the control group is significant, p<0.05;
# — the difference to the RA group is significant, p<0.05.

abdominal-visceral obesity, peripheral insulin resistance,
dyslipidemia, and arterial hypertension [13, 15]. The basis
of the pathogenesis of NAFLD at the stage of steatosis may
be an increase in the synthesis of fats in the liver, which
will be expressed by dyslipidemia. Destructive changes in
the liver with NAFLD, including at the stage of steatosis,
can lead to changes in metabolic processes in this organ,
in particular, lipid metabolism, which will be expressed by
dyslipidemia. In order to verify this assumption, we deter-
mined the indicators of lipid metabolism in blood serum.

Table 2 presents the results of the serum lipids tests
in RA patients with NAFLD and without NAFLD (RA
group) and in the control group.

The results of the studies showed that in patients with
RA and steatosis, there is an increase in the level of TG
in the blood serum is 1.8 times higher than in RA group
(without NAFLD) and the control group (Fig. 1, tabl. 2).

Hypertriglyceridemia is one of the causes of the devel-
opment of NAFLD and can be the cause of the develop-
ment of atherosclerosis in NAFLD, which can be explained
by two pathogenetic mechanisms (Younossi Z. M., 2019):
1) some lipoproteins that are rich in TG can penetrate the
artery wall, where they accumulate over time, showing an
atherogenic effect; 2) the metabolism of TG is closely re-
lated to the metabolism of atherogenic LDL-C.

Thus, hypertriglyceridemia is associated with the
risk of developing atherosclerosis in NAFLD, but this re-
lationship is not as important as in hypercholesterolemia.
Therefore, the next step was to determine the level of to-
tal cholesterol and its fractions in blood serum.

The results of the studies showed that RA patients
with NAFLD have an increase in total cholesterol, which
is 1.3 times higher than that of RA patients without
NAFLD (Fig. 2).

This phenomenon is probably related to the intensi-
fication of lipogenesis processes with the participation of
glycerol-3-phosphate dehydrogenase, which is involved
in the formation of glycerol-3-phosphate and diacyl-
glycerol acyltransferase, an enzyme that catalyzes the
formation of triglycerides [11]. In addition to lipogen-
esis enzymes, HMG-CoA (3-hydroxy-3-methylglutaryl
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>’1‘"C HbL—C L‘DL—C
Fig. 2. Serum total cholesterol and lipoproteins
in studied patients groups

Notes: * — the difference to the control group is significant, p<0,05,
# — the difference to the RA group is significant, p<0.05.

Table 2
Serum lipids in RA patients with NAFLD and without
NAFLD and in the control group, M+SD

. Rl_-\ patients e Control

Indicator with NAFLD (n=49) group

(n=77) (n=230)
TC, mmol/I 5.66+0.59"# | 4.51+£0.67* | 4.47+0.03
HDL-C. mmol/l | 1.28+0.20"# | 1.62+0.16* 1.56+0.08
LDL-C, mmol/l | 3.54+0.68"# | 2.42+0.80* | 2.46+0.02
VLDL-C, mmol/I | 0.84%+0.14"# | 0.48+0.08* 0.42+0.06
TG, mmol/I 1.87+£0.32"# | 1.06+0.18* 1.05+0.03
1A 3.57+1.02"# | 1.86+0.74* 1.84+0.06

Notes: * - the difference to the control group is significant, p<0.05;
# —the difference to the RA group is significant, p<0.05.

coenzyme A) reductase, which participates in choles-
terol synthesis, is also activated. The strengthening of
these processes can be activated by cytokines, which are
formed in the body of RA patients. An increase in the
concentration of total cholesterol in blood serum in the
pathology under study can occur due to an increase in
the content of high or low-density lipoproteins since
cholesterol is their component (Zhang T., Bai X., Mao
X.,2013).

It is known that TC in the peripheral blood exists
mainly in bound form. To a greater or lesser extent, cho-
lesterol is included in all classes of blood lipoproteins,
but 43% of it is contained in LDL-C, and 18% in HDL-C.
For these reasons, LDL-C is considered an atherogenic
class, while the only non-atherogenic class of lipopro-
teins is HDL-C (Weyand C.M., Zeisbrich M., Goronzy
JJ., 2017).

The analysis of HDL cholesterol content showed that
in RA patients with NAFLD, level of HDL-C decreased
by 18.00% compared to the control group and by 21.01%
to the group of RA patients without NAFLD (Fig. 2). A
decrease in HDL-C in the blood has a negative mean-
ing, since their role in the body is determined, first of all,
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by their participation in the homeostasis of cholesterol
in blood plasma and tissues of various organs due to the
processes of involvement in the so-called reverse trans-
port of cholesterol in the liver [21]. Moreover, HDL-C
takes an active part in the removal of cholesterol from
cells by its esterification. This facilitates the delivery of
TC to the liver, from where it is excreted as part of bile,
first into the intestines, and then removed from the body.

A decrease in the level of HDL-C may be caused by
a pathological process in the body, which is observed in
RA. It has been shown that cytokines, the level of which
increases especially against the background of RA, can
disrupt the composition of HDL-C particles, as well as
the activity of lecithin-cholesterol acyltransferase and
lipid-transfer protein, which causes a significant de-
crease in their amount in the body [23].

On the contrary, all other lipoproteins transport cho-
lesterol into tissue cells. Determination of LDL-C in RA
patients with NAFLD showed its increased level (Fig. 2),
which indicates the increased cardiovascular risk in this
group of patients. The increase in the level of LDL-C is
due to its inhibitory utilization by the receptor-mediated
mechanism, as well as the prolonged time of circulation in
the blood, during which they can undergo chemical modi-
fications, which significantly affects their capture by cells
of peripheral tissues and removal from the bloodstream.

Since LDL-C contains phospholipids, free cholester-
ol, and apoprotein B-100, which can be oxidized like the
components of the cell membrane (Zhao S., Mysler E.,
Moots R.J., 2018), active forms of oxygen, the amount
of which increases in RA, interacting with fatty acids or
proteins causes their oxidative modification [18]. As a
result of such modifications, the structure and functions
of lipoproteins are disturbed. Oxidized LDL-C accu-
mulate in the blood due to impaired receptor-mediated
utilization or are captured by macrophages, which pro-
duce even more active forms of oxygen. Oxidized LDL-
C changes their properties in two directions: first, their
interaction with liver receptors increases, and then they
become active for monocytes. Activated monocytes pen-
etrate into the subendothelial space of blood vessels and
turn into macrophages that phagocytose modified LDL-
C, after which they turn into foam cells (cells that are
full of cholesterol esters). The foam cells and activated
macrophages release biologically active substances: ad-
hesion molecules, growth factors and pro-inflamma-
tory cytokines. As a result, atherosclerotic plaques are
formed, which leads to the narrowing of the vessel and
the formation of an intravascular thrombus (Riccio A.,
Postiglione L. et al., 2018).

Along with this, the level of VLDL-C increased in the
blood serum of RA patients with NAFLD (Fig. 2). Large
VLDL-C is not actually atherogenic, but high concen-
trations of these large TG-rich lipoproteins can compli-
cate the course of NAFLD [9]. The established changes
indicate that patients with NAFLD may experience ath-
erogenic shifts in the lipid spectrum of the blood, as the
atherogenic factor increases in RA patients with NAFLD
(Fig. 3).

One of the reasons for the development and progres-
sion of steatosis in RA can be an imbalance of adipocyto-
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Control RA RA+NAFLD

Fig. 3. Atherogenic index in patients with rheumatoid
arthritis and non-alcoholic fatty liver disease

Notes: * — the difference to the control group is significant, p<0,05; # — the
difference to the RA group is significant, p<0,05.

kines, which leads to the occurrence and progression of
disorders of lipid metabolism, as well as the development
and formation of components of metabolic syndrome.
The obtained data indicate the influence of lipid metabo-
lism disorders on the progression of metabolic disorders
in the liver in RA, since excessive amounts of fats and
carbohydrates enter the liver, which are converted into
fatty acids, which are a substrate for TG synthesis and
accumulate in hepatocytes [6, 15].

Therefore, the presence of NAFLD in RA patients
is associated with lipid metabolism disorders, which is
confirmed by the correlation analysis between the pres-
ence of liver steatosis and lipid metabolism disorders.
The conducted correlation analysis showed a very high
positive correlation of liver steatosis with the level of
TG and VLDL-C (r=0.89, p<0.05), an average positive
correlation was found with the level of total cholesterol
and TA (r=0.55, p<0.05), a moderate positive correlation
with LDL-C (r=0.44, p<0.05), and a moderate negative
correlation with HDL-C (r=-0.48, p<0.05).

Therefore, increasing the synthesis or inhibition of
the oxidation of fatty acids in mitochondria under condi-
tions of RA contributes to an increase in TG production,
as well as a violation of the removal of TG from hepato-
cytes. In them, VLDL-C are formed, which are succes-
sively transformed into highly atherogenic intermediate
density lipoproteins (IMDL), which, accordingly, trans-
form into LDL-C. It can be predicted that any factor that
promotes the formation of LDL-C also increases the syn-
thesis of IMDL-C and LDL-C. The rate of formation of
VLDL-C in the liver is regulated by the concentration
of insulin in the blood plasma and the presence of sub-
strates — free fatty acids and glucose [15].

It follows from this that the lipid metabolism dis-
orders we identified are strongly interconnected and
underlie the development of metabolic disorders in RA
patients and, especially, in RA patients with NAFLD.
Therefore, the treatment of such disorders should be
comprehensive and aimed at eliminating all existing bio-
chemical changes and normalizing all types of metabo-
lism, which should lead to the elimination of complica-
tions and accompanying diseases.
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CONCLUSIONS
1. In 77 (61.10%) included RA patients, liver changes
were detected by ultrasound examination, which were
interpreted as liver steatosis of various grades. In the
comorbidity of RA with NAFLD, more prominent lipid
metabolism disorders were observed compared to RA
patients without NAFLD. Hepatosteatosis connected to
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