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METABOLIC FATTY LIVER DISEASE AS A RISK FACTOR FOR EARLY
RENAL DYSFUNCTION IN WOMEN OF REPRODUCTIVE AGE

P.E. Erbes, S.G. Shulkina*, E.N. Smirnova

E.A. Vagner Perm State Medical University, Russian Federation
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IIEYEHHU KAK ®AKTOP PUCKA PAHHEHN PEHAJIbHOM
TUCO®YHKIINH Y ;KEHIIIVH PENPOAYKTUBHOI'O BO3PACTA
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Objective. To study the correlation of adipocytokines with early renal dysfunction indicators in women of
reproductive age with obesity and metabolic fatty liver disease.

Materials and methods. The study included 100 obese females divided into 2 groups. The 1% group consisted of
patients (12 = 50) diagnosed with metabolic fatty liver disease aged 40.5 = 2.8, and the 2™ group contained patients
(n=50) without metabolic fatty liver disease (MFLD). The level of insulin, cystatin C, resistin, leptin, monocyte
chemoattractant protein (MCP-1), vascular endothelial growth factor (VEGF), interleukin 6 (IL-6), tumor necrosis
factor o (TNF) were determined in blood serum by enzyme-linked immunosorbent assay (ELISA) method. Albumin-
to-creatinine ratio, TNF- o, MCP-1, IL 6, cystatin C, 8 -microglobulin, VEGF were determined in morning urine.
Results. Increased levels of pro-inflaimmatory cytokines and endothelial dysfunction were revealed in group
1 in relation to both the comparison and control groups. In patients with MFLD associations of resistin level
were the following: with HOMA(r = 0.60), alanine aminotransferase (ALT) (r=0.54), aspartate aminotrans-
ferase (r=0.71), gamma-glutamyl transpeptidase (r=0.71), high-density lipoprotein (HDL) (r=-0.54),
VEGF (r=0.54), TNF-o (r=0.44), MCP-1 (r=10.57) p<0.05. In the 1" and 2™ groups cytokine urinary excre-
tion and renal dysfunction markers were higher than in the control group. Associations of urinary excretion
of B,microglobulin with BMI (r=0.33), HOMA (r=0.34), resistin (r=0.30), uric acid level (r=0.50),
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creatinine (r= 0.34), thyroglobulin (»=0.31), urinary MCP-1(r= 0.60), IL-6 (= 0.70) p<0.05 were revealed in the
1" group. In group 1 associations of urinary IL 6 with BMI (= 0.35), waist/hip circumference (WC/HC) (r=0.33),
uric acid level (= 0.44), urinary MCP-1(r = 0.74) were positive, and associations with HDL (r =—044) p<0.05.
Conclusions. Resistin can be considered as an unfavourable marker of cardiometabolic disturbances in pa-
tients with MFLD. The association of subclinical inflammation markers and endothelial dysfunction with the
markers of early renal impairment in patients with MFLD which was determined allows to expand the undet-
standing of cardio-renal-metabolic continuum.

Keywords. Metabolic non-alcoholic fatty liver disease, early renal dysfunction, adipocytokines, obesity.

Ilean. Y KEHIUH PENPOAYKTUBHOIO BO3pAcTa ¢ oxupenneM u MAYKBIT usyueHa B3aMOCBA3Db 4JUTIOLUTO-
KMHOB C TIOKA32TEMAMI PAHHEN PEHANTBHON IUCHYHKIMH.

Marepuaibsl M MeToABL B rccenosanye 6bU BKIOYeHb! 100 JKEHIIMH C OXUPEHUEM, KOTOPBIX PACTIPEACIIIIN 110
rpymman: 1-4 rpyrma — manyeHtsl (17 = 50) ¢ yeraHosneHHoit MAYKBIT, Bospact 40,5 & 2,8 T, 2-1 IpyIIIa — MALUEHThI
(n=150) 6e3 MAYKDBIL. B coBopoTKe Kposu MeTozioM UPA onpesiessum: ypoBeHb HHCYIUHA, ICTATHHA C, PE3UCTUHA,
JIENTHHA, MOHOLMTAPHbIA XEMATTPAKTAHTHbI TpoterH (MCP-1), BackynosHIOTEMMAIbHbI (hakTop pocra (BODP),
nnTeprerikut 6 (IL-6), paxrop Hexposa onyxom ambha (PHO-o). B yrperHert mopipir MOU# OMPEETsuTn COOTHO-
MmeHue «AmbOyMuH/Kpearutity, ®PHO-o, MCP-1, IL-6, tctati C, B,-MUKPOIIOGyiH, BRDP.

PesyabTarhl. B 1-11 rpymme BbIABIECHB! IIOBBIIEHHBIE YPOBHA IPOBOCIAIMTENBHBIX LIATOKUHOB 1 AUC(YHK-
UMM 3HAOTEMNA OTHOCHTENBHO KAK JAHHBIX I'DYIIBI CPABHEHMA, TAK U IPYIIB KOHTPONL. B rpymme c
MAKBIT nonyyeHs! accormaruu ypostst pesuctiaa ¢ HOMA (r= 0,60), AIIT (r=0,54), ACT (r= 0,71), ITTII
(r=0,71), JIIBIT (r=-0,54), BOOP (r=10,54), PHO-o (r=0,44) u MCP-1 (r=0,57) p <0,05. B 1-1 1 2-i1
TPYIIIAX MOYEBAA SKCKPELIMA IUTOKUHOB U MAPKEPOB PEHATBHON AUC(HYHKIUN MIPEBBIIAIA 3HAYECHUA IPYII-
Tl KOHTPONA. B 1-11 IpynIe BbIABIEHBI CBA3M MOYEBOU 3KCKpenuu fB,-MukpornodymHa ¢ UMT (r=0,33),
HOMA (r=0,34), pesucruna (r=0,30), ypoBHeM MOueBOi KuCIOTH (1= 0,50), kpeatununa (r=0,34),
T (r=0,31), mouesbivut MCP-1 (r = 0,60) u IL-6 (r = 0,70), p < 0,05. B 1-it rpyme IL-6 Moun uMen MOTOKH-
TesbHble ¢BA3u ¢ UMT (r=0,35), OT/OB (r = 0,33), ypoBHEM MOYEBOI KUCIOTH (1 = 0,44), MoueBbiM MCP 1
(r=10,74) u orpunarensuyio ¢ XCJIIIBII (r=-0,44) p < 0,05.

BoeIBOABI. PE3UCTUH MOXET OBITH PACCMOTPEH B KAUECTBE HEOIATOIPHUATHOIO MAPKEPA KAPAUOMETA00IYe-
CKUX HapymeHuit y un ¢ MAXKDBIT. YcraHOBneHHAs B3aUMOCBA3b MAPKEPOB CYOKIMHUIECKOTO BOCIIANEHNS U
JUCHYHKIMY SHIOTENN ¢ MAPKEPAMH PAHHETO TIOYEUHOTO MOBPEXAEHUA ¥ 60mbHBIX ¢ MAJKDBIT mossomnder
PaCIMpPUTb IPEACTABNEHNA O KAPAUO-PEHO-METAO0MMUECKOM KOHTUHYYME.

KirogueBnie c10Ba. MeTaboINYECKH aCCOLMMPOBAHHAA HEAIKOTOJIbHAS JKUPOBAs O0JIE3HD [IEUECHH, PAHHSAA
pEHAIbHAA JUCHYHKINA, AAUIOLUTOKUHBL OKHPEHUE.

INTRODUCTION liver disease (MAFLD) [1; 2]. The number of

patients with chronic kidney disease (CKD) is

There are 33 million obese people in the
Russian Federation®. It has been proven that
metabolic syndrome in combination with
non-alcoholic fatty liver disease (NAFLD) is
associated with an increased risk of cardio-
vascular death, in this regard, in 2020, the
European Society of Gastroenterologists pro-
posed to combine the combination of meta-
bolic syndrome with fatty liver disease into
the concept of metabolically associated fatty
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increasing annually in the world, as of 2019,
the disease was detected in 850 million peo-
ple [3]. The significant contribution of fatty
disease to the development and progression
of CKD is beyond doubt. The prevalence of
CKD in patients with fatty liver disease is
20-50 % [4; 5] The mechanism of renal dys-
function in patients with MAFLD has not
been fully studied. The liver is a generator of
markers of inflammation, endothelial dys-
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function and fibrosis, which can serve as
binding components in the development of
renal dysfunction in patients with MAFLD [6).
In turn, adipose tissue secretes a number of
hormones that can have a simultaneous dam-
aging effect on hepatocytes and nephron,
triggering a cascade of cardio-hepato-reno-
metabolic disorders [7]. The study of the in-
volvement of MAFLD in the development of
renal dysfunction in women of reproductive
age is of clinical interest.

The objective of the study was to inves-
tigate the relationship of adipocytokines
with indicators of early renal dysfunction in
women of reproductive age with obesity
and MAFLD.

MATERIALS AND METHODS

Groups under supervision:

Group 1 consisted of 50 women with
obesity and MAFLD having no signs of al-
coholic liver damage, suffering from hyper-
tension, diabetes mellitus, functional and
organic kidney damage. The average age of
the patients was 40.5 = 2.8 years and body
mass index (BMI) = 35.6 + 3.4 kg/m’.

Group 2: 50 women without MAFLD.
The average age was 39.6 = 1.8 years and
BMI = 34.7 £+ 3.2 kg/m".

Control group: 30 healthy women,
whose average age was 39.6 + 4.3 years, BMI
=217+ 1.8 kg/m",

The diagnosis of MAFLD was established
in accordance with clinical recommenda-
tions EASL-FASD-FASO for the diagnosis
and treatment of this disease [2]. Liver steato-

sis was determined by ultrasound diagnos-
tics. Liver fibrosis was assessed using fibroe-
lastography. Serum levels of cystatin C, insu-
lin, leptin, resistin, monocyte chemattractant
protein (MCP-1), interleukin 6 (IL-6), vascu-
lar endothelial growth factor (VEGF), tumor
necrosis factor alpha (TNF-a) were deter-
mined by ELISA (enzyme-linked immu-
nosorbent assay). TNF-o, MCP-1, albumin-
to-creatinine ratio, IL-6, f,-microglobulin,
cystatin C, and VEGF were tested in the
morning urine portion. The glomerular filtra-
tion rate (GFR) was calculated using the
CKD-EPI equation. The following biochemi-
cal parameters were studied in blood serum:
aspartate aminotransferase (AST), alanine
aminotransferase (ALT), gamma-glutamyl-
transpeptidase (y-GTP), glucose, total choles-
terol (TC), high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C), tyriglycerides (TG), crea-
tinine. The Fatty Liver Index (FLI) included
an assessment of the level of TG and y-GTP,
body mass index (BMI) and waist circum-
ference (WC). Follicle-stimulating hormone
(FSH) was evaluated using immunochemilu-
minescence analysis (IHLA). The statistical
processing of the obtained data was carried
out with Statistica 12.0 software. The 3 groups
were compared using the Kruskal — Wallis
test, a pairwise comparison of groups with a
normal distribution was performed using the
Bonferroni-corrected #-test, in groups with
an abnormal distribution the Mann — Whit-
ney U-test was used. A statistically significant
dependence was calculated at p < 0.05.
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RESULTS AND DISCUSSION

The metabolic profile in the groups is
presented in the table.

It is noteworthy that, despite abdomi-
nal obesity and proven liver steatosis, mark-
ers of metabolic syndrome were not fully
represented in Group 1 patients. Naturally,
an increase in the HOMA index, TG and uric
acid levels was obtained, while the level of
glucose and LDL and HDL cholesterol did
not differ in Group 1 and Group 2 patients.
Despite the increased level of cystatin C in
Group 1, there were no significant differ-
ences in the calculated GFR between the
groups. Group 2 patients demonstrated an
increase in blood glucose, uric acid, and
y-GTP levels, while the parameters re-
mained in the reference range. In Group 2,
ALT was associated with HOMA (r = 0.36),

v-GTP (r= 042), LDL cholesterol (r = 0.39)
p <0.05. In the group without MAFLD, FLI
was correlated with the levels of HOMA,
glucose (r =04 and r = 0.3, p < 0.05) and
resistin (r= 0.1, p <0.05).

During the study, adipocytokine ac-
tivity was analyzed in comparison groups.
As expected, levels of cytokines were sig-
nificantly higher in the group with obesity
and MAFLD relative to the data of the
comparison group: resistin — (4.0 [2.5; 4.9]
vs. 3.1 [2.7; 4.3] ng/ml, p = 0.04), leptin —
(23.6 [17.2; 31.8] vs. 185 [11.8; 19.9]
ng/ml, p = 0.04), TNF-a — (1.7 [1; 2.1] vs.
0.9 [0.6; 1.6] pg/ml, p = 0.04), VEGF -
(293.7 [120.5; 435.2] vs. 155.9 [80.9; 255.0]
pg/ml, p = 0.04), MCP-1 - (207.6 [148.7
2659] vs. 1632 [125.8; 230.8] pg/ml,
p = 004), IL-6 (1.8 [1.2; 2.2] vs. 1.10 [1; 1.3]
pg/ml, p = 0.03).

Metabolic parameters in the groups (M + 2m); Kruskal - Wallis test H (2, N = 130)

Parameter

Group 1
n=>50

Group 2
n =50

Control,
n=730

p

SBP, mmHg

1282+ 100

1119+7.0

113.3£9.0

» =040
P, =004
p..=004
p,.=040

DBP, mmHg

84.1+5

758 4.2

798 £4.2

p=033
b, =004
p...=005
p,.=0.10

WC/HC

1.0+0.1

08+0.3

08+0.2

p =005
=004
D,..=004
p,.=090

TC, mmol/l

53+06

5.05+0.8

504 +0.8

=080
b, =0.60
5,..=0.10
p,.=090
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Continuation of the table

Group 1 Group 2 Control,

Parameter n=50 n=50 n=30 b

»=022

_ p,=01
LDL-C, mmol/l 36£06 30£0.7 25+05 b, =004

p,..=0.006

p=051
p,,=005
p,..=005
D,..=090

HDI-C, mmol/! 1.3+0.1 1.5+02 1.5+0.1

=004

p.,=002
p..=002
p,.=0.10

TG, mmol/Il 27+07 1.0+03 1.0+0.1

p =001

p.,=0001

p..=0001
p,.=01

ALT U/ 453103 144 %68 143+73

p=004

p.,=001
5,..=001
p,.=0.10

ASTU/I 30.7 £16.2 175+82 179+95

»=010
D, =0.006
P,.=004
p,.=004

Glucose, mmol/1 52£06 49+ 04 45+0.2

p=005
p,,=004
D= 002
D,..=004

Uric acid, pmol/I 306 +45.8 256 £583 2202 +35.7

p=003
p.,=001
P,..=0001
p,.=004

y-GTP, U/l 487 £15.6 237 £135 16.7+5.8

p=005
D, =004
p,..=003
D,..=007

Cystatin C, ng/ml 090+0.1 085+0.1 083+0.1

p =060
P.,=005
b,.. =0.09
p,. =010

Creatinine, gmol/1 762+49 740+69 751+70

=030

GFR, ml/min/ p.,=005
1,73 m* (CKD-EPY) 853+ 115 90.3 £ 14.6 863 +938 b =009

0,.=005
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End of the table

Group 1

Parameter
aramete =50

Group 2
n=>50

Control,
7= 30 p

Insulin, pIU/ml 143 +6.7

65+24

=001
p.,=0001
p..=0001
p,.=005

45+05

HOMA 3.5+10

1.3+05

p=0.10
p,,=003
p,..=003
p,..=080

1.3+06

FSH, mIU/ml 87+23

71+19

»=010
b, =006
P,.=004
p,.=005

67%20

FLL U, 843069

423+43

p=003
p.,=001
p,..=001
p,.=005

397 €21

Albumin/creatinine,

107+ 1.
mg/g ’

7712

=007

p,.,=005
p..=004
p,.=005

3003

Note: SBP - systolic blood pressure; DBP — diastolic blood pressure; WC/HC — waist circumference/hip cit-
cumference ratio, TC — total cholesterol, LDL-C - low density lipoproteins cholesterol, HDL-C — high density
lipoproteins cholesterol, TG - triglycerides, HOMA — insulin resistance index, GFR - glomerular filtration rate,
ALT - alanine aminotransferase, AST — aspartaminotransferase, y-GTP — gamma-glutamyltransferase; FSH — folli-
cle stimulating hormone; FLI — fatty liver index; p — 5 % significance level of the differences, at which the differ-
ences were considered reliable; unrel. — the differences are statistically unreliable.

Notably, with an equal BMI in the com-
parison groups, in Group 1, the levels of
leptin and resistin exceeded the values of
Group 2. In the comparison groups, leptin
levels correlated with BMI (r = 0.52 and
r=046), p < 0.05. In the MAFLD group, the
level of resistin was associated with TNF-a
with HOMA (r = 0.63 and r = 0.28), ALT
(r = 052 and r = 0.50), AST (r = 0.68 and
r=035), GGT (r=10.72 and r = 063), HDL-C
(r = -0.50; r = -042) and fibroelastography
findings (r = 0.75 and r = 0.32). In addition,
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the correlations of resistin with the level of
VEGF (r=0.52), TNF-a (r = 041) and MCP-1
(r = 0.55) were revealed. TNF-o was associ-
ated with the level of MCP-1 (r = 0.51) and
VEGF (r = 031); IL-6 — with the level of
v-GTP (r = 0.57). In the group without
MAFLD, the association of the VEGF level
with HOMA-IR (r = 045), MCP-1 (r = 0.55)
and IL-6 (r=0.53), p < 0.05 was revealed.
We studied the urinary excretion of
markers of subclinical kidney damage and
assessed their relationship with hormonal
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and metabolic parameters. Despite the
equivalent level of GFR in the studied groups,
we obtained significant differences in the
level of urinary inflammatory cytokines of
kidney damage: TNF-a (0.3 [0.2; 0.5] vs. 0.20
[0.03; 0.3] pg/ml, p = 0.04), MCP-1 (1255
835, 155.8] vs. 923 [39.5; 142.7] pg/ml,
p =0.02), VEGF (124.3 [754; 255.3] vs. 105.8
[64.2; 154.8] pg/ml, p = 0.04), IL-6 (0.82
[0.4; 2.7] vs. 043 [0.04; 1.3], pg/ml, p = 0.01),
cystatin C (44.7 [30.7; 97.5] vs. 35.6 [189;
87.3] ng/ml, p = 0.04), p,-microglobulin (1.1
[0.5; 1.7] vs. 0.6 [0.2; 1.2] pg/ml, p = 0.04).

In the MAFLD group, the urinary excre-
tion of cytokines and markers of early renal
dysfunction exceeded the values of the
group without MAFLD. In the studied groups
we determined the corresponding associa-
tions of urinary cystatin C with the level of
MCP-1 (r = 053 and r = 047), VEGF
(r = 0.72 and r = 0.73), B,-microglobulin
(r =059 and r = 0.65), IL-6 (r = 0.63 and
r=0.54). In the MAFLD group, we obtained
an association with the level of resistin and
uric acid (r =048 and r= 0.36), p < 0.05. In
addition, the associations of B,-microglobu-
lin with BMI (r = 0.27), HOMA-IR (r = 0.39),
resistin (r = 048), creatinine (r = 0.52), TG
(r = 0.35), urinary MCP-1 (r = 0.72), IL-6
(r=0.09), and uric acid (r = 0.72), p < 0.05
were revealed. There were no significant as-
sociations in the group without MAFLD. In
the group with MAFLD urinary IL-6 was as-
sociated with BMI (r = 0.28), WC/HC ratio
(r=0.31) uric acid level (» = 0.56), urinary
MCP-1 (r=0.74) and has a negative correla-
tion with HDL-C (r=-0.52) p < 0.05.

Fatty liver disease produces a large
number of hormone-like active substances,
one of which is resistin. The expression of
resistin is stimulated by inflammatory cyto-
kines, while resistin itself enhances the for-
mation of proinflammatory cytokines by
macrophages [8]. A number of authors have
shown that suppression of resistin at the
genetic level restores tissue sensitivity to
insulin and improves glucose homeostasis
[9]. According to literature data, about 25 %
of circulating IL-6 is synthesized by white
adipose tissue. It has been stated in the lit-
erature that changes in the content of IL-6
in kidney tissue play an important role in
the progression of CKD. VEGF is produced
by macrophages and endotheliocytes, and
serves as a marker of endothelial damage
and a stimulator of fibrogenesis. It has been
proven that an increase in the serum level
of VEGF is associated with the progression
of insulin resistance, enthelial dysfunction,
and the development of NAFLD [10]. VEGF
also plays a significant role in the differen-
tiation and proliferation of mesangial cells;
it has been proven that excessive produc-
tion of VEGF contributes to the develop-
ment of nephrosclerosis [11]. An association
of increased TNF-a production with an ac-
celerated rate of decrease in glomerular fil-
tration rate and the development of cardio-
vascular pathology and metabolic diseases
has been established in a number of publi-
cations [12]. In modern literature, much at-
tention is paid to the study of MCP-1 in
blood and urine in patients with metabolic
diseases and CKD [13-15]. In our study, se-
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rum and urinary levels of IL-6, MCP-1, VEGF
and TNF-a in the groups with a combina-
tion of obesity and MAFLD were higher
compared to the group with obesity without
MAFLD. In the group with MAFLD, the asso-
ciation of blood and urine cytokines with
the HOMA index, resistin, uric acid, cystatin
C and B,-macroglobulin was obtained,
whereas in the obesity group without
MAFLD, these associations were not re-
vealed. Thus, it can be stated that obesity in
combination with MAFLD contributes to
endothelial dysfunction and activation of
subclinical inflammation, causing a damag-
ing effect on the glomerular and tubular
apparatus of the kidneys.

CONCLUSION

1. Resistin can be considered as an un-
favorable marker of cardio-metabolic disor-
ders in people with MAFLD.

2. The association of markers of sub-
clinical inflammation and endothelial dys-
function with markers of early renal dys-
function in women of reproductive age
with MAFLD, established during the study,
allows us to expand the understanding of
the cardio-reno-metabolic continuum.
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