KNIHIYHA TA EKCMEPUMEHTAIbHA MEQULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

DOI 10.29254/2077-4214-2025-3-178-136-145
UDC 612.398+616-002+616.008.9+616.61+616-056.52
Gubina N. V., Kupnovytska I. G.

ASSESSMENT OF THE EFFECT OF RESISTIN ON INFLAMMATION AND METABOLIC

DISORDERS IN PATIENTS WITH CHRONIC KIDNEY DISEASE RELATED TO OBESITY
Ivano-Frankivsk National Medical University (lvano-Frankivsk, Ukraine)
natali.gubinal974@gmail.com

Chronic kidney disease (CKD) and obesity are serious public health problems worldwide. Currently, the role of
resistin in the pathogenesis of systemic metabolic disorders and the development of associated early stages of CKD
remains poorly understood. Aim of the study: research of the level of resistin, its relationship with metabolic and
inflammation indicators in patients in the early stages of obesity-related CKD. 300 patients with CKD were examined.
The patients were divided into 4 groups: group 1 (70) — patients with stage | CKD with normal body weight, group
2 (72) — patients with stage 2 CKD with normal body weight; group 3 (70) — patients with stage 1 CKD and obesity,
group 4 (88) — patients with stage Il CKD and obesity. The control group consisted of 30 practically healthy individ-
uals. All patients had their BMI and waist-to-hip ratio (WHR) measured, and their glomerular filtration rate (GFR)
was calculated using CRD-EPI formulas based on creatinine, cystatin C, and their combination (CRD-EPIcysC/cr) (ml/
min/1.73 m2). The level of cystatin C (mg/l) in blood serum was determined by immunoenzymatic analysis. The level
of resistin (ng/ml) in blood serum, C-reactive protein (ug/ml), and tumour necrosis factor-alpha (TNF-at) (pg/ml)
were determined using enzyme-linked immunosorbent assay. The HOMA-IR index was calculated using the formula.
In patients with early stages of chronic kidney disease, an additional factor in pathogenesis may be changes in the
level of resistin, an adipokine of adipose tissue, the content of which increases as kidney function progresses. These

changes in resistin also increase insulin resistance and activate indicators of low-grade inflammation.
Key words: chronic kidney disease, obesity, resistin, cystatin C, insulin resistance.

Connection of the publication with planned research
works.

The work is a fragment of the research work of the
Department of Clinical Pharmacology and Clinical Phar-
macy on the topic “The role of neurohumoral regulation
and the endocrine system in the occurrence of structural
and functional changes in the heart, blood vessels and
kidneys,” state registration number 0121U110066.

Introduction.

Chronic kidney disease (CKD) is a pressing medical
issue worldwide, with rapidly increasing incidence, espe-
cially in patients with diabetes mellitus and hypertension,
leading to accelerated development of nephrosclerosis
(focal and segmental) in these patients [1]. According to
the World Health Organisation (WHO), obesity is con-
sidered a somatic disease [2]. Between 1975 and 2016,
the number of people who were overweight increased
by more than 30% and those who were obese by more
than 10% [3]. The increase in obesity is reflected in an in-
crease in the number of associated diseases, such as can-
cer, cardiovascular disease, diabetes mellitus and CKD [4].
According to Martinez-Montoro, J.I.; Morales, E.; Corne-
jo-Pareja et al., obesity can alter renal haemodynamics
through two pathogenic mechanisms: glomerular hyper-
perfusion and hyperfiltration [5]. Ectopic lipid accumula-
tion, together with fat accumulation in the renal sinuses,
can lead to the development of glomerular hypertension
and increased glomerular permeability caused by hyper-
filtration and associated with damage to the glomerular
filtration barrier [6]. This causes glomerulomegaly and
focal glomerulosclerosis, contributes to proteinuria, ac-
tivation of the renin-angiotensin-aldosterone system
(RAAS), release of transforming growth factor- (TGF-B),
and leads to nephron loss [7]. In obese adults, the risk
of albuminuria increases by 70% compared to individu-
als with a normal body mass index (BMI) [8]. In addition,
excessive fat accumulation in renal tissue contributes to

increased intrarenal pressure, and as a result, impaired
natriuresis and the development of hypertension [9].

Initially, adipose tissue was considered only a passive
reservoir for energy storage, and its role in the regulation
of thermogenesis was also evaluated. However, adipose
tissue secretes various bioactive peptides, known as “adi-
pocytokines,” which are involved in both autocrine/para-
crine and endocrine activity [10]. These biologically active
molecules regulate energy homeostasis and metabolism
in general, as well as contribute to the effects of insulin in
muscles, liver and blood vessels, and can be considered as
mediators of metabolic disorders [11]. The involvement of
some of them, in particular leptin, adiponectin, tumour
necrosis factor (TNF-a) and others, is better known, while
the role of other adipokines, in particular resistin, has not
been sufficiently studied.

Resistin was identified in 2001. It is a hormone con-
sisting of 108 amino acids with a crystalline structure and
belongs to a family of cysteine-rich proteins known as re-
sistin-like molecules (RELMs), characterised by the pres-
ence of 10-11 cysteine groups [12]. It is secreted mainly
by preadipocytes and, to a lesser extent, by mature adipo-
cytes of abdominal localisation, monocytes, macrophag-
es, cardiomyocytes and bone marrow cells [13]. Resistin
is also involved in the immune system and is a recognised
pro-inflammatory adipokine [14]. According to Jankowski
J., Floege J., Fliser D. et al., elevated blood resistin levels
are an independent predictor of all-cause and cardiovas-
cular mortality [15]. Today, there are assumptions about
the pro-inflammatory activity of resistin in chronic kidney
disease [16]. According to Zhang, H., Li, X. et al., resistin
levels are higher in the blood of patients with CKD com-
pared to healthy individuals, and its values above 127 ng/
ml are an independent risk factor for death in patients on
haemodialysis and in elderly patients with non-diabetic
CKD [17].

The role of resistin in the pathogenesis of insulin re-
sistance is also widely discussed. Various studies have
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found that this hormone may be a trigger for metabolic
disorders associated with diabetes mellitus and obesity
[18]. Another study has shown that resistin can inhibit in-
sulin-mediated glucose uptake by target tissues, i.e. it is
an insulin antagonist [19]. According to Yang H.M. et al.,,
resistin levels correlate with markers of inflammation in
both diabetic and non-diabetic patients [20]. However, at
present, the role of resistin in the pathogenetic links of
systemic metabolic disorders and the development of as-
sociated early stages of CKD remains poorly understood.

The aim of the study.

To study the level of resistin, its relationship with met-
abolic and inflammation indicators in patients with the
early stages of obesity-related CKD.

Object and research methods.

300 patients with chronic kidney disease were exam-
ined, including 134 women and 166 men, who were hos-
pitalized in the arterial hypertension department of the
Communal non-commercial enterprise “lvano-Frankivsk
Regional Clinical Cardiology Centre of lvano-Frankivsk Re-
gional Council”, the urology and cardiology departments
of the Communal non-commercial enterprise “Central
City Clinical Hospital of Ivano-Frankivsk City Council” in
Ivano-Frankivsk City (Ukraine). The average age of the
subjects was 55.36+2.02 years in women and 47.4512.66
years in men.

Stage 1 CKD was diagnosed in 140 patients (61 women
and 79 men) (mean age 46.43+3.77 years), and stage 2
— in 160 patients (76 women and 84 men) (mean age
53.07+2.61 years). Patients were divided into 4 groups:
group 1 consisted of 70 patients with stage 1 CKD with
normal body weight, group 2 consisted of 72 patients with
stage 2 CKD with normal body weight; group 3 consisted
of 70 patients with stage 1 CKD and obesity, and group
4 consisted of 88 patients with stage 2 CKD and obesity.
The control group consisted of 30 practically healthy indi-
viduals (13 women and 17 men), whose average age was
36.7+8.6 years.

The causes of CKD development include upper urinary
tract infections in 11.8%, urolithiasis in 19.89%, glomer-
ulonephritis with symptomatic renoparenchymal arterial
hypertension in anamnesis in 15.76%, anomalies of the
genitourinary system development in 6.9%, essential ar-
terial hypertension in 29.1%, ischemic heart disease with
heart failure in 18.89%. The duration of CKD was on av-
erage 7.1%2.3 years. The exclusion criteria were diabetes
mellitus, hypothalamic and endocrine obesity, acute my-
ocardial infarction, congestive heart failure, stage 3-4 ac-
cording to NYHA, liver failure, stages 3-4-5 CKD.

All patients underwent general clinical examinations,
determination of body mass index (BMI) (according to the
Quetelet formula (kg/m?): BMI=body mass, kg/(height),
m?), determination of waist circumference (WC), hip cir-
cumference (HC) and their ratio. Glomerular filtration rate
was calculated according to the CKD-EPI formula based on
the level of creatinine, cystatin C and their combination
(CKD-EPICysC/cr) (ml/min/1.73 m?) using the calculator of
the National Kidney Foundation of the USA [21]. Serum
cystatin C levels (normal range in healthy individuals:
0.79-2.15 mg/L) were measured by enzyme-linked im-
munosorbent assay (ELISA) using the ‘Human Cystatin C
ELISA’ kit (Czech Republic) on the STAT FAX analyzer (No.
7898). Serum resistin levels (ng/mL) were measured 14
hours after the last meal using a sandwich ELISA method
with the “Mediagnost ELISA E50 Resistin” kit (Germany)

on the STAT FAX analyzer (No. 7898). Quantitative deter-
mination of C-reactive protein (normal range in healthy
individuals: 0.07-2.5 pg/ml) in blood serum was deter-
mined by the enzyme immunoassay method using the
“Accu-Bind ELISA Microwells” kit (USA) on the STAT FAX
analyzer. The concentration of tumour necrosis factor-al-
pha (TNF-a) in blood serum (normal range in healthy
individuals: 0.02-2.3 pg/ml) was determined by the sol-
id-phase enzyme immunoassay method using the “Vector
BEST” kit on the STAT FAX analyzer. To assess insulin resist-
ance, the HOMA-IR (Homeostasis Model Assessment of
Insulin Resistance) index was used, calculated as follows:

HOMA-IR = fasting insulin (immunochemiluminescent
method) (uU/ml) x fasting glucose (mmol/1) / 22.5 (refer-
ence values: 0-2.7)

The study protocol was approved by the Ethics Com-
mittee of the State Higher Educational Institution ‘lva-
no-Frankivsk National Medical University’, protocol No.
97/17 of 19 October 2017. All patients gave informed
consent to participate in it. The study was conducted in
accordance with the principles of the Declaration of Hel-
sinki of the World Medical Association’s “Ethical Principles
of Medical Research Involving Human Subjects” of 1 Octo-
ber 2008, No. 900_005.

Statistical analysis of the obtained results was per-
formed using the Statistica 10.0 statistical analysis pro-
gram. For quantitative variables, the arithmetic mean
(M) and standard deviation (SD) were calculated in the
case of normally distributed data, or the median with
lower and upper quartiles (Me [LQ; UQ] in the case of
non-normally distributed data. For qualitative variables,
absolute frequencies (number of examined subjects),
relative frequencies in % or 95% confidence intervals (Cl)
were calculated. The analysis of the type of data distri-
bution was carried out using the Shapiro-Wilk and Kolm-
ogorov-Smirnov criteria. Statistical analysis was carried
out using non-parametric methods (Kruskal-Wallis test),
since most characteristics had a data distribution different
from normal. To assess correlations, the determination of
the Spearman rank correlation coefficient was used. The
difference in results at p<0.05 was considered statistically
significant.

Research results and their discussion.

According to the results of our studies, the resistin
level in patients of groups 1 and 2 practically did not differ
from the level of healthy individuals and from each other
(table). In patients of group 3, the resistin level slightly in-
creased compared to group 1 by 1.2 times, and in patients
of group 4 — compared to group 2 by 1.48 times (p<0.05).
Correlation analysis revealed no statistically significant as-
sociation between resistin and the WC/HC ratio in groups
1 and 2. In patients of groups 3 and 4, a direct moderate
correlation between resistin and the WC/HC ratio was ob-
served — r,=0.33, r,=0.46 (p3’4< 0.05). A direct weak cor-
relation was also found between the level of resistin and
BMI in groups with obesity (r,=0.23, r,=0.36).

The relationship between resistin and indicators char-
acterizing kidney function in obesity was also analyzed.
In particular, a tendency towards a relationship between
the level of resistin and cystatin C was observed in groups
without obesity, whereas in patients of groups 3 and 4 —
a moderate correlation was found (r,=0.48, r,=0.51, P,
,<0.05) between these indicators (fig. 1).

The serum resistin content increased with a decrease
in GFR in groups 2 and 4. A significant average inverse cor-
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Table — Characteristics of laboratory parameters in the examined patients

. Healthy _ _ _ _
Indicator individuals, n=30 Group 1, n=70 Group 2, n=72 Group 3, n=70 Group 4, n=88
BMI, kg/m? 21.67 24.94 22.13 34.03 37.52
K8 [21.00; 22.60] [21.70; 25.00] [21.40; 23.20] [32.60; 35.50] [36.10; 38.60]
WC/HC 0.78 0.77 0.80 0.88 0.91
[0.69; 0.78] [0.76; 0.78] [0.76; 0.88] [0.86; 0.90] [0.90; 0.99]
GFR, ml/min/1.73m? 109.62 94.27 * 78.03*° 94.04 * 70.54 *A
CKD-EPIcysC/cr [101.00; 118.00] [90.00; 99.00] [76.00; 81.00] [90.40; 99.00] [62.00; 78.00]
Cystatin C, mg/| 0.78 1.44 % 2.11*° 2.22 %o 2.97 *x
4 » M8 [0.70; 0.81] [1.20; 1.80] [1.99; 2.30] [2.00; 2.60] [2.87; 3.10]
Creatinine, umol/| 78.27 83.82 94.60 * 103.97 *= 106.19 *
da [76.00; 87.20] [79.80; 88.00] [88.00; 100.00] [90.50; 116.00] [96.00; 116.10]
Albuminuria, mg/da 19.50 68.21 * 81.60 *° 118.55 * 169.72 *Ax
» me/aay [18.00; 22.00] [49.00; 84.00] [76.50; 88.00] [100.00; 134.00] [156.00; 189.00]
Total cholesterol, mmol/| 4.41 6.33* 6.31* 6.49 * 6.80*
’ [4.10; 4.80] [5.50; 7.30] [5.50; 7.10] [5.40; 7.80] [5.70; 7.88]
Resistin, ng/ml 5.60 6.00 6.12 7.10 *o 9.10 *Ax
b [4.70; 6.20] [5.20; 6.80] [5.88; 6.80] [6.00; 8.10] [8.00; 10.30]
Glucose, mmol/I 4.4 4.6 5.0 5.0 5.8
! [4.20; 4.50] [4.40; 4.80] [4.80; 5.10] [4.80; 5.30] [5.50; 6.00]
HOMA-IR 1.44 1.44 1.56 4.3 %o 5.68 *Ax
[1.43; 1.50] [1.42;1.53] [1.54; 1.67] [3.60; 4.87] [5.10; 6.10]
TNF-a. pg/ml 0.85[0.50; 1.00] 1.78[1.70; 1.85] 1.74[1.68; 1.84] | 2.99[2.68; 3.10] *= |4.80[4.20; 5.10] *Ax
C-reactive protein, mcg/ml 1.19[0.90; 1.60] 2.17[1.80; 2.40] 4.00[3.86; 4.20] | 7.99[7.20; 8.40] *= 12'60[11'53" 14.00]

Notes: *- statistically significant difference in indicators compared to the healthy group; ° = statistically significant difference in indicators
compared to groups 1 and 2; A — statistically significant difference in indicators compared to groups 3 and 4; = — statistically significant difference
in indicators compared to groups 1 and 3; x — statistically significant difference in indicators compared to groups 2 and 4.

relation was found between resistin and GFR, calculated
using the formula CKD — EPIcysC/cr, in groups 3 (r,= -0.53,
p,<0.05) and 4 (r,=-0.57, p,<0.05).

When analysing metabolic indicators, a statistically
significant positive correlation was found between re-
sistin levels and fasting serum glucose in patients in group
4-r,=0.51, p,<0.05, while in other groups this correlation
was insignificant. The HOMA-IR index was statistically dif-
ferent in patients in groups 3 and 4 compared to groups 1
and 2 (p3’4<0.05). A positive correlation was also found be-
tween resistin levels and the HOMA-IR index in patients in
groups 3 and 4 (r,=0.5, p,<0.05, r,=0.52, p,<0.05) (fig. 2).

The content of TNF-a in the blood of patients in
group 3 increased 2.8 times compared to those in group
1 (p<0.05) and 3.6 times compared to healthy individu-
als (p<0.001). In patients of group 4, the level of TNF-a
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Figure 1 — Correlation between resistin levels (ng/ml) and cystatin C
levels (mg/l) in patients in group 4.

was 2.5 times higher compared to patients of group 2
(p<0.05) and 5.8 times higher compared to healthy in-
dividuals (p<0.001). We found that serum resistin levels
correlated significantly with TNF-a levels in groups 3 and
4(r,=0.5,t,=3.7,r,=0.58, t,=3.1 (p, ,<0.01) (fig. 3). The CRP
level was also higher in patients in groups 3 and 4. Thus,
in patients in group 3, its level increased 3.7 times com-
pared to group 1 (p<0.001) and 5.9 times compared to
healthy individuals (p<0.001). In patients in group 4, the
CRP level was 3.5 times higher than in group 2 (p<0.001)
and 9.8 times higher than in healthy individuals (p<0.001).
The level of resistin in the blood also correlated with the
level of CRP in patients in groups 3 and 4 (r,=0.51, t =3.1,
r,=0.59,t,=3.2) (p3,4<0.01).

Chronic kidney disease is a pressing medical problem
worldwide, with its incidence and prevalence steadily in-
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Figure 2 — Correlation between resistin level (ng/ml) and HOMA-IR
index in patients of group 4.
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creasing [22]. In recent years, there has been widespread
discussion of metabolic homeostasis disorders, which
create a certain pathophysiological basis for the develop-
ment of pathological processes, clinical manifestations,
and the progression of kidney damage [23]. The adverse
effects of obesity on the kidneys are associated with both
existing comorbidities and the direct impact of adipose
tissue on the kidneys, which is related to the endocrine
activity of substances produced by adipocytes, among
which adiponectin, resistin and leptin play an important
role [24]. Recently, there has been increasing evidence
that elevated resistin concentrations may also accelerate
the decline in kidney function [25]. A study by Norman G.
et al. reported a negative effect of high resistin levels on
glomerular filtration rate, similar to the effect on systolic
blood pressure, which was stronger than that of conven-
tional risk factors such as metabolic syndrome [26]. The
higher levels of resistin we found with increasing stages
of CKD on the background of obesity are to some extent
consistent with the studies by Asgary S., Samsamshariat
S.Z.A., Sakhaei F. et al., which showed that resistin levels
increase with declining kidney function, probably due to a
decrease in its elimination by the kidneys [27].

Studies of resistin have shown that it can be a trigger
for metabolic disorders, not exclusively associated with
obesity [28]. Experimental studies have shown that the
administration of recombinant resistin led to impaired
glucose tolerance, while immunoneutralisation with en-
dogenous resistin antibodies improved insulin sensitivity
[29]. Our data are consistent with the results of studies
by Su K., Li Y., Zhang D., Yuan J. et al., which showed im-
paired insulin action and insulin-sensitive cell response to
it, which does not depend on the degree of obesity but
correlates with the amount of fat in the body and is as-
sociated with visceral obesity in adults and children [30].
A slight increase in blood glucose levels or impaired cell
sensitivity to it contributes to the glycosylation of cellular
proteins and can initiate a series of autoacid reactions,
which are subsequently accompanied by the formation
and accumulation of end products of glycosylation in the
renal parenchyma, leading to the development of glomer-
ulopathy [31].

In conditions of insulin resistance, there is a charac-
teristic increase in the synthesis of pro-inflammatory fac-
tors, such as C-reactive protein, tumour necrosis factor-a,
fibrinogen, and type 1 plasminogen activator inhibitor. Ac-
cording to lacobini C., Pugliese G., Fantauzzi C.B. et al., the
inflammatory cytokines secreted by macrophages alter
the metabolic and secretory activity of adipocytes, con-
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Figure 3 — Correlation between resistin levels (ng/ml) and TNF-a
(pg/ml) in patients in group 4.

tributing to fat metabolism disorders and the activation
of adipose tissue inflammation [32]. Kadatane, S.P.; Sa-
tariano, M.; Massey, M et al. proved that in CKD, the sus-
tained release of pro-inflammatory cytokines can cause
arteriolar fibrosis and exacerbate further kidney damage,
as we have established [33]. And TNF-a, secreted by mac-
rophages, also contributes to low-grade inflammation
and, in conditions of existing insulin resistance, can subse-
quently cause fibrotic changes in renal tissue and contrib-
ute to the progression of CKD.

Conclusions.

1. Decreased GFR and increased cystatin C levels cor-
related with increased resistin levels in patients with early
stages of CKD with obesity.

2. Increased HOMA index was associated with in-
creased resistin levels in patients with early stages of CKD
with obesity.

3. Serum resistin levels also correlated with markers of
chronic inflammation (TNF-a and CRP levels) in patients
with stage 1 and 2 CKD against a background of obesity.

4. The identified changes complement the pathoge-
netic mechanisms of renal dysfunction in the context of
obesity.

Prospects for further research.

Studying the role of resistin in atherogenesis and
its association with cardiovascular risk in patients with
chronic kidney disease associated with obesity, and sub-
stantiating approaches to the treatment of such comorbid
pathology.

OUIHKA BMN/INBY PESUCTUHY HA NOKA3HUKHW 3ANANIEHHA TA METABOTIYHUX
PO3/1AZIB Y XBOPUX HA XPOHIYHY XBOPOBY HUPOK, ACOLLINOBAHY 3 OKUPIHHAM

IBaHO-®PpaHKiBCbKMIA HaLliOHaNbHUIT MeguuHMii yHiBepcuteT (M. IBaHO-PpaHKiBCbK, YKpaiHa)
natali.gubinal974@gmail.com

XpoHiuHa xeopoba HUpoK (XXH) i oxcupiHHA € cepliozHUMU npobaemamu 2pomMmadcbKo2o 300p08’s Y 8Cbomy
cgimi. Ha daHuli Yac posnb pe3ucmuHy y namozeHemu4HUX AAHKAX CUCMeMHUX memabonidyHux rnopyweHs ma
pPO38UMKY ACOYilioBAHUMU 3 HUMU TOYamKosux cmadiax XXH 3aauwaemsca mano susyeHoro. Mema 00cnioneHHs:
BU3HAYEHHA pieHA pe3ucmuHy, lo2o 38°A3KYy 3 memaboniyHUMU MOKA3HUKAMU Mda MOKA3HUKOMU 3anasneHHA y
nauieHmie Ha paHHix cmadisx XXH, noe’azaHoi 3 oxcupiHHAM. O6cmexceHo 300 X80pUX HA XPOHIYHY X80pOBY HUPOK.
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Xeopux 6yno nodineHo Ha 4 epynu: | (70) — xeopi 3 XXH | cm. 3 HopmasbHo macoro mina, Il (72) — xeopi 3 XXH Il cm
3 HopMasnbHo macoto mina; Il (70) — xeopi 3 XXH | cm. ma oxcupiHHAM, IV (88) — xgopi 3 XXH Il cm. ma oxcupiHHAM.
KoHmponoeHy epyny ckaanu 30 npakmu4yHo 300posux ocib. Ycim xeopum susHavanau IMT, cniegiOHoweHHs 06’em
manii/o6’em cmezoH (OT/OC), po3paxosysasnu weudkicms Kaybo4ykosoi inempauii (LKD) 3a cpopmynamu CRD-
EPI Ha ocHosi pigHA KpeamuHiHy, yuucmamuxy C ma ix noedHaHHA (CRD-EPIcysC/cr) (mn/xe/ 1,73 m2 ). PiseHb
yucmamuny C (me/n), peaucmuHy (He/mn), C-peakmusHo20 6inka (MKe/Ms), (akmopy HeKpo3y nyx/auH-aabga
(PHIM-a) (ne/mn) y cuposamui Kposi 8usHa4yanu memodamu iMmyHogpepmeHmHo2o aHanizy. IHoekc HOMA-IR
po3paxosysanu 3a ¢opmMysnoro. Y nayieHmie 3 No4amKosuMU cmaodiaMu XpPOHIYHOI Xx8opobu HUPOK 000aMKO8UM
haKmopom namozeHesy MOoXyme 8UCMynamu 3MiHU PiBHA pe3ucmuHy, AK aOUMOKIHY HUpos8oi MKAHUHU, 8Micm
AKO20 3pOCMAE 8 Mipy Npo2pecy8aHHA NopyweHHA (yHKUil HUpoOK. Li 3miHU pe3ucmuHy makox« nidcuntorme
iHCYyniHOpe3ucmeHmMHicme, aKMUBYOMb MOKA3HUKU HU3bKOIHMEHCUBHO20 3aMasIeHHA.

Kntoyoei cnosa: xpoHiYHa X80poba HUPOK, OXUPIHHA, pe3ucmuH, yucmamuH C, iHcyniHope3ucmeHmHicme.

3B’A30K ny6niKauii 3 nnaHOBMMU HAyKOBO-AOCAIA-
HUMM poboTamu.

PoboTa € pparmeHTOM HayKOBO-A0CNiAHOT pob0THU Ka-
denpu KniHiyHoi dapmaKkonorii Ta KAiHiYHOT dpapmauii Ha
Temy «Posnb HeMpo-rymopanbHoi perynauii Ta eHAOKPUH-
HOI CUCTEMW Y BUHUKHEHHI CTPYKTYPHO-PYHKLiOHANb-
HUX 3MiH Y cepui, CyguMHax i HUPKax», HOMep AepKaBHOI
peecTtpauii 0121U110066.

Bcryn.

Y BCbOMy CBITi XpOHi4Ha xBopoba HMPOK (XXH) € aKTy-
a/IbHOKO MeaUYHO NPo6eMOoto, 3aXBOPIOBAHICTb Ha AKY
LUBMAKO 3POCTAE, 0COB/IMBO Y NALLEHTIB 3 LYKPOBMM fja-
6eToM Ta rinepTeH3si€to, Lo NPU3BOAUTL 40 MPUCKOPEHO-
ro po3BUTKY HedPOCKAEPO3Y Y LMX NALLEHTIB (GOKasbHOro
Ta cermeHTapHoro) [1]. 3a AaHMMK BcecBiTHLOI OpraHisa-
Ljii oxopoHu 300p0oB’s (BOO3), 0KMUpPiHHA BBAXKAETbCA CO-
MaTMyHot xBopoboto [2]. Y nepiog mixk 1975 i 2016 po-
Kamu 6yno BMABMEHO, LLO KifIbKiCTb It0AeN 3 HagMipHO
Baroto 3pocna noHag, 30% Ta oxupiHHA — noHag, 10% [3].
3pOCTaHHA PIBHA OXMPIHHA NPOSABAAETLCA 36iNbLUEHHAM
KINbKOCTI CYMNYTHIX 3aXBOPOBAHb, TAKMX AK OHKONOTiYHI,
CepLeBo-CyaAMHHI, LyKpoBuii giabet Ta XXH [4]. 3a gaHu-
mun Martinez-Montoro, J.1.; Morales, E.; Cornejo-Pareja et
al., OXKUPIHHA MOXKe 3MiHI0OBATU HUPKOBY FrEMOAMHAMIKY
yepes ABa NaTOreHHi MmexaHi3amu: knyboukoBy rinepnep-
oysito Ta rinepdinstpaito [5]. EKTOMNIYHE HAKOMWYEHHA
Ninigis pasom i3 HAaKOMUYEHHAM XKUPY B HUPKOBMUX
CMHYCax MOXKe NPWU3BECTU [0 PO3BUTKY KAyBOUKOBOI
rinepTeHsii Ta NigBMLEHHA KNyBOYKOBOI MPOHMKHOCTI,
cnpuvunHeHoi  rinepdinbTpaujieto, i nos’sAsaHo 3
NMOLIKOAMKEHHAM KNybo4uKkoBoro dinbtpauiiHoro 6ap’epy
[6]. Ue cnpuumnHsie rnomepynomeranito Ta GoKanbHUM
TIOMEPY/IOCKNEPO3, CNpPUAE  MPOTeiHypii, aKTMBaLii
periH-aHrioTeH3MH-anbaocTepoHoBoi  cuctemun (PAAC),
BUBINIbHEHHIO TpaHCchopmytouoro daktopy pocty-p (TGF-
B) i cnpuunHuTb 3arnbenb HedpoHis [7]. Y gopocaunx 3
OKMPIHHAM PU3MK anbbyMiHypii 36inblyeTbea HA 70% y
NopiBHAHHI 3 ocobamu 3 HOPMasbHUM iIHOAEKCOM Macu
Tina (IMT) [8]. Okpim TOro, Hag/MLIKOBE HAKOMUYEHHS
KMPY B HUPKOBIN TKAHMHI CNPUSE NiABULLEHHIO BHYTPILL-
HbOHMPKOBOTO TUCKY, i AK HACNIAOK NOPYLUEHHIO HATpPIny-
pe3y Ta po3BUTKY rinepTeHsii [9].

CnoyaTKy KMPOBY TKAHMHY BBAXKa/M NLIE NAaCUBHUM
pe3sepsyapom ans 36epiraHHA eHeprii, a TaKoX OLjiHto-
Banu ii ponb y perynauii TepmoreHesy. OgHak XuMposa
TKaHMHA CEKPEeTYye pi3Hi 6iOaKTMBHI NenTuam, Tak 3BaHi
«aAMNOLMTOKIHNY, WO 6epyTb y4acTb AK B ayTOKPUHHII/
NapakpWHHIN, Tak i B eHAOKPWHHIM akTMBHOCTI [10]. L
6i0N10riYHO aKTUBHI MONEKYIN PETYNIOOTb EHEPTreTUYHUI
romeocTas i MeTaboniam B LiIOMY, @ TAKOXK CNPUAIOTb pe-
anisauji epekTis iHCyNiHY B M'A3ax, NeyiHui i cyamHax, i ix

MOXXHa pOo3r1AaaaTM B AKOCTI mefiaTopiB MeTaboniuHmx
nopyweHb [11]. YyacTb AeAKUX 3 HUX, 30Kpema, NenTu-
HY, aAMNOHEKTUHY, ¢dakTopy Hekposy nyxauH (TNF-a)
Ta iHWMX, 6inbl BiZOMA, B TOM Yac K POAb iHLWIMX aan-
MOKiHIB, 30Kpema pe3nCTUHY, BUBYEHA HELOCTATHbLO.

Pesuctnun 6yB BuaineHuii y 2001 poui. BiH npea-
CTaBnAe coboto ropmoH, AKUIM cKnagaetbes 3i 108 ami-
HOKMC/IOT 3 KPUCTaNiYHOIO CTPYKTYPOIO, i HANEXNTb [0
cimeiicTBa b6inkis, 6araTmx Ha LMCTEIH, | BIZOMUX AK pe3u-
CcTMHONOAI6HI monekynn (RELM), wo xapaKTepusyoTbes
HasBHicTio 10-11 umcreiHoBumx rpyn [12]. BiH cekpeTyeTb-
€Sl NepeBarkHO NpeagunouuTamu, B MeHLWIN Mipi 3pinvmu
agunoumTamm abaomiHanbHOT NoKani3alii, MOHoOUMTaMM,
MaKpodaramu, KapaiomioLuMTamm Ta KNiTMHAMM KiCTKOBO-
ro Mo3ky [13]. Pe3UCTUH TaKoX € Y4aCHUKOM iMYHHOI cu-
cTeM#, i BUSHaHMM npo3anasibHUM agunokiHom [14]. 3a
naHumum Jankowski J, Floege J, Fliser D. Et al., niguweHuni
piBEHb PE3UCTUHY B KPOBi € HE3aNEXHUM NPESMKTOPOM
3arasibHoI Ta cepLeBo-CyAMHHOI cmepTHOCT [15]. Ha cbo-
rofHi BMCNOBAIOIOTLCA MPUNYLLEHHA LWOAO Mpo3anaib-
HOI aKTUBHOCTI PE3UCTUHY NPU XPOHIYHIl XBOPO6i HUPOK
[16]. 3a gaHumum Zhang, H., Li, X. et al., piBeHb pe3ncTuHy
€ BULLMM Y KpOBi XBOpKUX Ha XXH y nopiBHAHHI 3i 340p0-
BMMM, @ 3HAYEHHA oro Binbe 127 Hr/MA € HE3aNEKHMUM
$aKTOpOM PU3MKY CMEepTi XBOPWUX Ha remogianisi i npu
HefibeTnyHi XXH y niTHix nauienTis [17].

TaKOX LUMPOKO OOBrOBOPHETHCA POSb PE3UCTUHY B
natoreHesi iHCYy/iHOPE3UCTEHTHOCTI. 3@ AaHUMU Pi3HUX
AocnipgeHb 6yn0 BUABNEHO, WO Lieli TOPMOH MOxKe byTn
nyckoBUM GaKTOPOM BUHWKHEHHA MeTabosiyHMX Mopy-
LWeHb, NOB’A3aHMX 3 LYKPOBUM AjiabeTom Ta OXKMPIHHAM
[18]. B iHwWoOMy AocnigKeHHi foBeAEeHO, WO Pe3nCTUH
MOe MPUrHiYyBaTU iHCYiH-ONOCcepeaKoBaHe 3aX0omnieH-
HA ITIOKO3M TKAHUHaMU-MIiLLEHAMMU, TOOTO € aHTAroHicTom
iHcyniny [19]. 3a gaHumun Yang HM. et al., piBeHb pesu-
CTMHY KOpEstoE 3 MapKepamu 3ananeHHs, AK y NaLieHTiB
3 piabetom, TaK i 6e3 Hboro [20]. OaHaK, Ha AaHui Yac,
pOSib PE3UCTUHY Y MATOreHETUYHMX JIaHKaX CUCTEMHMUX
MeTaboNiYHMX NopyLUEeHb Ta PO3BUTKY acoLiioBaHUMM 3
HMMM NOYATKOBUX CTagiax XXH 3anMwaeTbca mano BmB-
YeHoH.

Merta pocnigKeHHs.

BW3HauyeHHs piBHA pPe3nCTMHY, Moro 3B’A3Ky 3 meTabo-
NiYHMMM NOKA3HUKAaMM Ta MOKA3HMKaMM 3anasieHHA y na-
LiEHTIB Ha paHHix cTagiax XXH, noB’A3aHOi 3 OXKMPIHHAM.

06’eKT i meTOaM BOCNigKEHHA.

O6cTexkeHo 300 XBOpUX Ha XPOHiIYHY XBOPOBY HUPOK,
134 — iHKM Ta 166 4onoBikiB, siKi Byan rocnitanisoBaHi
y BigaineHHs aptepianbHoi rinepteHsii KHM «I® OKKL,
I®OP», yponoriyuHe Ta KapgionoriyHe BigaineHHa KHIM
«UMK/ IOMP» m. IBaHO-PpaHKiBcbKa (YKpaiHa). Cepen-
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Hill BIK 0bCTe)KyBaHMX cTaHoBMB 55,36+2,02 pokiB — vy
YKIHOK i 47,4512,66 poKiB —y 40ONOBIKiIB.

Mepuwy (1) ctagito XXH giarHoctoBaHo y 140 naujieHTis
(61 skiHKa, 79 YonosikiB) (cepeaHili Bik aKkux 46,43+3,77
pokKy), a Il ctagito —y 160 (76 *KiHOK, 84 YonoBsikK) NaLjieH-
TiB (cepenHint BiK — 53,07+2,61 poKy). XBopux 6yno nogi-
NneHo Ha 4 rpynu: I-a (70) — xBopi 3 XXH | cT. i HopmanbHOO
macoto Tina, ll-a (72) - xsopi 3 XXH Il cT i HOpmanbHoOO
macoto Tina; lll-a (70) — xBopi 3 XXH | cT. Ta OXKUPIHHAM,
IV —a (88) —xBopi 3 XXH Il cT. Ta 0XKMpPiHHAM. KOHTPOBbHY
rpyny cknanu 30 NpakTUYHO 340p0BuUX OCib (13 KiHOK Ta
17 yonosikis), cepeaHilt BiK AKMX AopiBHIOBaB 36,7+8,6
pOKiB.

Cepep, NpyynH po3BUTKY XXH: iHpeKLii BepxHix Biaaj-
NiB ceyo-BunAinbHOI cuctemm 6ynmn y 11,8%, ceyo-kam’sHa
xBopoba — y 19,89%, nepeHeceHUi rnomepynoHepput
3 CMMNTOMATUYHOK PEHOMAPEHXiMATO3HOK apTepianb-
HOlO rinepTeHsieto — y 15,76%, aHOManii po3BUTKY ce-
yo-cTaTeBoi cuctemun —y 6,9%, eceHuianbHa apTepianbHa
rinepteHsia —y 29,1%, iwemiuHa xBopoba cepua i3 cepue-
BOO HeaocTaTHiCTio —y 18,89%. TpuBanicte XXH cknapa-
Nna B cepegHbomy 7,112,3 poKy. Kputepiamun BUKAOYEHHA
6ynn uyKpoBuit giabeT, rinotanamiyHe Ta eHAOKPUHHE
OXMPIHHA, rocTpuii iHbapKT MioKapaa, 3acTilHa cepLeBa
HegocTaTHicTb IlI-IV 332 NYHA, neviHKoBa HeAoCTaTHICTb,
XXH [I-IV-V cT.

Ycim nauieHTam npoBeageHi 3arafbHOKAIHIYHI 0bCTe-
YKEHHA, BU3HaYeHHs iHAeKcy macy Tina (IMT) (3a dopmy-
noto Ketne (kr/m?): IMT=maca Tina, Kr/(3picT), m?), BU3Ha-
YeHHs oKpyxKHocTi Tanii (OT), okpy*kHocTi cteroH (OC) Ta
iX cniBBigHOwWeHHs. LBnakictb Kayb6oukoBoi ¢inbrpauii
po3paxoByBanu 3a ¢popmynoto CKD-EPI Ha ocHoBI piBHA
KpeaTuHiHy, unctatnHy C Ta ix noeaHaHHA (CKD-EPIcysC/
cr) (mn/xs/ 1,73 m?) 3a 4ONOMOrOIO KanbKynatopa Haui-
OHanbHOro Hupkosoro ¢oHay CLUA [21]. PiBeHb umcTa-
TnHy C B cuposarui Kposi (y 3goposux — 0,79-2,15 mr/n)
[OCNioKYBaAM MeToAoM iMyHOdEPMEHTHOro aHanily 3a
ponomoroto Habopy «Human Cystatin C ELISA» (Yexis) Ha
aHanizatopi STAT FAX (Ne 7898). PiseHb pe3ucTuHy (Hr/
MJ1) BU3HAYaAn «CEHABIY» iMyHOPEPMEHTHMM METOLOM
B CMPOBATLi KpoBi Yepes 14 roa. nicna oCTaHHbLOro Npu-
nomy ixi 3a gonomoroto Habopy «Mediagnost ELISA E50
Resistin» (HimeyunHa) Ha aHani3aTopi STAT FAX (Ne 7898).
KinbKicHe BM3HauyeHHs C-peakTMBHOro binka (y 340p0oBuX
0,07-2,5 mKr/mn) y cupoBarTLji KpoBi BM3HAYa/iM MeETo-
OOM iMyHOdEPMEHTHOrO aHani3y 3a Aornomoroto Habopy
«Accu-Bind ELISA Microwells» (USA) Ha aHanizaTopi STAT
FAX. KoHueHTpauito daKTopy HeKpo3y nyxauH-anbda
(®HN-a) y cuposaTui kposi (y 3goposux — 0,02-2,3 nr/mn)
BM3Haya/ M MeToLoM TBepAodpas3HOro imyHobepMeHTHO-
ro aHanisy 3a gonomoroto Habopy «Bektop BECT» Ha aHa-
nizatopi STAT FAX. OnA OUiHKM iHCYNiIHOPE3UCTEHTHOCTI
6yB BUKOpUcTaHuii iHaekc HOMA-IR (Homeostasis Model
Assessment of Insulin Resistance), skuii po3paxoByBanu
3a ¢opmynoto:

HOMA-IR = iHCyniH (iMyHOXEMINOMIHECLEHTHUM Me-
ToAoM) HaTlle (MKOL/mn) x rntokosa HaTue (Mmonb/n) /
22,5 (pedepeHTHi 3HaueHHs 0-2,7).

MpoToKon AocnigXKeHHs OyB CXBasNeHW KOMicielo 3
eTkn [BH3 «IBaHO-PpaHKiBCbKMI HaLjioHaNbHUIA Me-
AMYHUI YHiBepcuTeT», npoTtokon Ne 97/17 sig  19.10.
2017 p. Yci nauieHT ganv iHpopmoBaHy 3rogy Ha y4acTb
y HboMmy. [JocniarKeHHA NpoBOAMAOCA 3TiAHO NPUHUMNIB
lenbciHCbKOT geKknapau,ii BcecBiTHbOI MeamMyHOI acouiaLLii
«ETMYHI NnpUHUMNIN MeaUYHMX SOCNIAKEHD 33 YHaCTHO N1to-

AMHM B AiKOCTi 06’eKTa pgocnigkeHHa» Big 01.10.2008 p.,
Ne 900_005.

CTaTUCTMYHY 0BpPODOKY OTpUMAHMX pesynbTaTiB npo-
BOAMAM 32 LONOMOIOH NPOrPamMm CTaTUCTUYHOTO aHaNi3y
Statistica 10,0. na KinbkicHWMx 03HaK Byan po3paxoBaHi
cepefiHi apudmeTnyHi 3HaYeHHa (M) Ta cTaHAapTHe Big-
xuneHHA (SD) npu HopmanbHOMY po3nogini gaHux abo
mefiiaHa 3 HUXKHIM i BepxHim kBapTunem (Me [LQ; UQ]
npw po3nogini, BiAMiHHOMY Big, HOpMmanbHoro. [na fAkic-
HWX 03HaK B6ynKn po3paxoBaHi abcoNtoTHA YacToTa NPoABIB
03HaKM (KiNbKiCTb 0BCTEXKEHMX), YACcTOTA MOABM O3HAKM
y % abo 95% posipunii iHTepsan (Al). AHanis Tuny pos-
NnoAiNy AaHWX NPoBeAeHUM 3 BUKOPUCTAHHAM KpuTepis
Wanipo-Yinka i Konmoroposa-CmipHoBa. CTaTUCTUYHMIA
aHani3 NPoBOAW/IM 3 3aCTOCYBaHHAM HenapameTpPUYHUX
meToaiB (TecT Kpackena-Yonsica), OCKifibkM 6inbLuicTb
03HaK Ma/iM PO3MoAin AaHWX, BiAMIHHMIA Bi4 HOpMasb-
Horo. 119 OLUiHKM KopensuiiHux 38’A3KiB 3acTOCOBYBan
BM3HAYeHHA KoedilieHTa paHrosoi Kopensauii CnipmeHa.
CTaTUCTMYHO 3HAYMMOLO BBaXKaAM PO36iXKHICTb pesynbTa-
TiB npu p<0,05.

Pe3ynbTati gocnigiKeHHA Ta ix 06roBopeHHs.

3a pesynbraTaMy Hawmx AOCNiAXeHb, PiBeHb pe-
3UCTMHY Y NaujienTiB | Ta Il rpyn NpakTMYHO He Bigpi3HABCA
BiZ, piBHA 310pOBMX Ta MixK coboto (Tabnuua). Y nauieHTis
Il rpynu piBeHb pe3nCTMHY AELLO 3POCTaB y MOPIBHAHHI 3 |
rpynoto B 1,2 pa3u, a y nauieHTis IV rpynu — B NOPiBHAHHI
3 obctexkeHumu |l rpynu — B 1,48 pasu (p<0,05). 3a pe-
3ynbTaTaMm KopenauiiHoro aHanisy y xsopux | ta Il rpyn
He 6y/10 BUABAEHO CTaTUCTUYHO 3HAUYMMOTO B3aEMO3B'A3-
Ky pe3uctuHy 3 nokasHukom OT/OC. Y naujeHTis Il Ta IV
rpyn 6yB BMABAEHWIN NPAMUI cepesHbOi CUAN Kopens-
LiMHWIA 3B’A30K MiXK Pe3UCTMHOM Ta nokasHukom OT/OC
-r,=0,33, r,=0,46 (p3,4<0,05). TaKoX BUABNEHO MPAMMUIA
Ccnabkuit KopenauinHuii 38'A30K MidK piBHEM PE3UCTUHY
Ta IMT 8 rpynax 3 oxupinHam (r,=0,23, r,=0,36).

MpoaHani3oBaHO TaKOX B3AEMO3B’A30K PE3UCTUHY
Ta NOKa3HUKaMM, LLO XapaKTepu3ytoTb QYHKLiO HUPOK
Ha TAi OXMPIHHA. 30Kpema, cnocTepirasacb TeHAEHLA
00 3B’A3KY MiXK piBHEM pe3ucTuHy i uuctatuHy C B rpy-
nax 6e3 oxKupiHHA, a y xBopux Il Ta IV rpyn — BusBneHni
cepenHboi CUAN KopenauinHuii 38’A30K (r3=0,48, r,=0,51,
P,,,<0,05) mix UMMM NokasHMKamm (puc. 1).

BMmicT pe3ncTrHy B CMPOBATLL 3pOCTaB 3i 3HUXKEHHAM
LLK® B Il Ta IV rpynax. BuasneHo A0CTOBipHWUI cepeaHil
3BOPOTHIN KOpPenAuinHMI 3B'A30K MiXK Pe3ncTMHOM Ta
pisHem LLIK®, pospaxosaHum no ¢popmyni CKD — EPIcysC/
crelli(r,=-0,53, p,<0,05) Ta IV (r,=-0,57, p,<0,05) rpynax.

AHanisytoun metaboniyHi NoKasHUKK, By0 OTPUMaAHO
CTaTUCTUYHO  3HAYUMMUI  MO3UTUBHWUIA  KOPEeNnALiiHWIA
3B'A30K Mi¥ piBHEM Pe3UCTMHY Ta [NIIOKO30K0 HaTle Y
cMpoBaTLi Kposi y nauiexTis IV rpynu —r,=0,51, p,<0,05,
Y TOW Yac AK B iHLIKWX rpynax Lew 38’A30K 6yB HE3HAUYHMM.
IHgekc HOMA-IR cTaTUCTMYHO BigpPI3HABCA Yy MaLLEHTIB
Il Ta IV rpyn y nopisHAHHI 3 | Ta Il (p34<0,05). Takox
BUABNEHUM MO3UTUBHUI KOPENALMHUIA 3B'A30K MiX
piBHEM pe3ncTuHy Ta iHgekcom HOMA-IR y nauieHTis 111
Ta IV rpyn (r,=0,5, p,<0,05.r,=0,52, p,<0,05) (puc. 2).

Bmict ®HM-a B Kposi y nauieHTis lll rpynu 3pocTtas B
2,8 pa3y B MopiBHAHHI 3 obcTexkeHumu | rpynu (p<0,05)
Ta B 3.6 pa3y — y NOpiBHAHHI 3i 3moposumm (p<0,001). Y
nauieHTis IV rpynu piseHb ©HM-a 6yB UMM y 2,5 pasu
y NopiBHAHHI 3 xBopumu Il rpynu (p<0,05) Ta B 5,8 pasu
— y nopiBHAHHI 3i 3goposumu (p<0,001). Hamu BusBNe-
HO, WO PiBEHb PE3UCTMHY B CMPOBATL, KPOBi AOCTOBIPHO
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Tabnunua — XapaKrepucTuKa 1abopaTopHUX NOKA3HUKIB Yy 06CTEXKYBaHUX NALEHTIB

MoKasHuKM 3p0posi, n=30 I rpyna, n=70 Il rpyna, n=72 Il rpyna, n=70 IV rpyna, n=88
IMT, kr/m2 21.67 24.94 22.13 34.03 37.52
¢ [21.00; 22.60] [21.70; 25.00] [21.40; 23.20] [32.60; 35.50] [36.10; 38.60]
oT/oc 0.78 0.77 0.80 0.88 0.91
[0.69; 0.78] [0.76; 0.78] [0.76; 0.88] [0.86; 0.90] [0.90; 0.99]
LWK®, mn/xs/1,73 m? 109.62 94.27 * 78.03*° 94.04 * 70.54 *A
CKD-EPIcysC/cr [101.00; 118.00] | [90.00; 99.00] [76.00; 81.00] [90.40; 99.00] [62.00; 78.00]
Uncratim C, mi/n 0.78 144 * 2.11*° 2.22 *a 2.97 *x
’ [0.70; 0.81] [1.20; 1.80] [1.99; 2.30] [2.00; 2.60] [2.87; 3.10]
KpeaTuHiH, MKMOb/N 78.27 83. 82 94.60 * 103. 97 *s 106. 19 *
P ’ [76.00; 87.20] [79.80; 88.00] [88.00; 100.00] [90.50; 116.00] [96.00; 116.10]
AnbBymiHypis, Mr/a06 19.50 68.21 * 81.60 *° 118.55 * 169.72 *Ax
YMIHYPIA, MI/RODY [18.00; 22.00] [49.00; 84.00] [76.50; 88.00] | [100.00; 134.00] | [156.00; 189.00]
3ara/ibHui XONecTepuH, 4.41 6.33 * 6.31 * 6.49 * 6.80 *
MMOb/N [4.10; 4.80] [5.50; 7.30] [5.50; 7.10] [5.40; 7.80] [5.70; 7.88]
Pe3UCTUH, H/MA 5.60 6.00 6.12 7.10 *= 9.10 *Ax
! [4.70; 6.20] [5.20; 6.80] [5.88; 6.80] [6.00; 8.10] [8.00; 10.30]
FnioKkosa, MMOnb/n 4.4 4.6 5.0 5.0 5.8
’ [4.20; 4.50] [4.40; 4.80] [4.80; 5.10] [4.80; 5.30] [5.50; 6.00]
HOMA-IR 1.44 1.44 1.56 4.3 *a 5.68 *Ax
[1.43; 1.50] [1.42; 1.53] [1.54; 1.67] [3.60; 4.87] [5.10; 6.10]
®HMN-a, nr/mn 0.85[0.50; 1.00] 1.78[1.70; 1.85] 1.74[1.68; 1.84] | 2.99[2.68; 3.10] *= |4.80([4.20; 5.10] *Ax
CPB, mkr/mn 1.19[0.90; 1.60] 2.17[1.80; 2.40] 4.00[3.86; 4.20] | 7.99[7.20; 8.40] *= 12'60[11'33’. 14.00]

MpUMITKKU: * — CTaTUCTUYHO 3HAYMMA PI3HMLA NOKA3HUKIB Y NOPIBHAHHI 3 rPYMNo0 340POBUX; ° — CTAaTUCTUYHO 3HAYMMA Pi3HWULA NOKA3HUKIB Y
nopiBHAHHI | Ta |l rpyn; A — cTaTUCTUYHO 3HaYMMa Pi3HULA NOKA3HUKIB y NnopiBHAHHI Ill Ta IV rpyn; = — cTaTUCTUYHO 3HAaYMMa Pi3HULLA NOKA3HUKIB

y nopisHAHHI | Ta Il rpyn; X — cTaTUCTUYHO 3Ha4YMMa Pi3HULA NOKA3HUKIB y NopiBHAHHI Il Ta IV rpyn.

Kopestoe 3 nokasHMKkamm OHM-a 8 1l Ta IV rpynax (r3=0,5,
t,=3,7, r,=0,58, t,=3,1 (p314<0,01) (puc. 3). PiseHb CPB
TaKoX 6yB BULWMM Yy nauieHTiB Il Ta IV rpyn. Tak, y naui-
eHTiB |l rpynu iioro piseHb 3pocTas y 3,7 pasu B Nopis-
HsHHI 3 | rpynoto (p<0,001) Ta B 5,9 pasu — y NOPIBHAHHI
3i 3mopoBumu (p<0,001). Y nauieHTis IV rpynu piseHb CPB
6yB BULMM B 3,5 pa3u y nopisHaAHHI 3 |l rpynoto (p<0,001)
Ta B 9,8 pasu — y NopiBHAHHI 3i 3a0posumm (p<0,001). Pi-
BEHb PE3UCTUHY B KPOBI TAaKOX Kopentosas 3 pisHem CPb
y nauiexTis Il Ta IV rpyn (r3=0,51, t,=3,1,r,=0,59, t,=3,2)
(p,,<0,01).

B ycbomy cBiTi XXH € aKkTyanbHOKO mMeamyHOl npo-
6/1eMOt0. 3aXBOPHOBAHICTb | MOLUMPEHICTb AKOT HEYXU/IbHO
3pocTae [22]. 3a ocTaHHi POKM WMPOKO OBroBOPHOETHLCA
NopyLeHHss MeTaboniyHOro romeocTasy. L0 CTBOPHOE
neBHWU natodisionoriyHnii 6asnc ona PoO3BUTKY NaToso-

group=4
Resistinand CysC
104 .
LS
102
10,0 o ¢ 0w © o
938 o 2 ) &
o
96 o o o
94
= G
92 8
e w
g 90 o o @ w o ® °
c © 8 -4
38 o ]
o K]
88
84
o c
32
30 @ o
78
20 22 24 26 28 30 32 34 36 38
CysC

PucyHok 1 — KopensauiiiHuii 38’a30K MixK piBHem pe3ucTtuHy (Hr/mn)
Ta piBHem umcratuHy C (mr/n) y nauiexTis IV rpynu.

rYHOro Mpouecy. KNiHiYHMX NPOABIB Ta MPOrpecyBaHHA
YParKeHHs HUPOK [23]. Hecnpuataneuii BNAMB HacnigKis
OMPIHHA Ha HUPKKU NOB’A3aHUN AK 3 HAABHOK KOMOp-
6igHoto naTonorieto, Tak i 3 6e3nocepeAHiM BMAMBOM
YKMPOBOT TKAHWHM HA HUPKM, LLLO NOB’A3aHE 3 eHAOKPUH-
HOO aKTUBHICTIO NMPOAYKOBAHMX aAMMNOUUTAMU PEYOBUH.
cepen, SIKUX BaXK/MBa POJib HANEXWUTb AAUMOHEKTUHY,
pe3uncTuHy i nentuHy [24]. OctaHHIM Yacom 3’'aBAsAETLCA
Bce binblue AOKasiB TOro, Lo NiABULLLEHA KOHUEHTpaLA
PE3NCTMHY TaKOXK MOXKeE NPUCKOPIOBATU 3HUKEHHA DYHK-
Lii HMpOK [25]. Y pocnigskeHHi Norman G. et al. nosigom-
NAANOCA NPO HeraTUBHMUI BN/MB BUCOKOIO PiBHA Pe3nNCTU-
HYy Ha WBMAKICTb KNybouKoBoOi ¢inbTpauii, nogibHuin oo
BMN/IMBY Ha CUCTONIMHMIA apTepianbHUIA TUCK, AKUI OyB
CUNBbHILMM, HiXK Yy 3BUY4aNHMX GAKTOPIB PU3UKY, TAaKUX AK
MeTaboliuHUI cMHAPOM [26]. BUsBNEHi HaMK BULLLI PiBHI
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Ta iHgekcom HOMA-IR y nauienrTis IV rpynu.
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Pe3nCTMHY No Mipi 36inbweHHA cTagii XXH Ha TAi 0XKunpiH-
HA B MeBHiN Mipi cniB3BYYHi 3 gocnigKeHHAMM Asgary S..
Samsamshariat S.Z.A., Sakhaei F. et al., siki nokasanu, wo
piBEHb PE3UCTUHY 3POCTAE 3i 3HMMKEHHAM PYHKLLT HUPOK,
MMOBIPHO, IKPA3 Yepes 3HUKEHHS MOro enimiHau,i ocTaH-
Himun [27].

Mpy BUBYEHHI pPe3nUCTMHY Oy/N0 BUABMEHO, WO BiH
MOXKe OyTh nyckoBMM AKTOPOM BUHWUKHEHHA MeTa-
60NiYHMX MOpPYLUEHb, HE BUK/OYHO NOB’S3aHMX B TOMY
uncni 1 3 OXMUPIHHAM [28]. 3a pesynbTaTamu ekcnepu-
MEHTaNbHUX AOCAIAKEHHD BYN0 NMOKA3aHO, WO BBEAEHHSA
PEKOMBIHAHTHOTO PE3NCTUHY NPU3BOAMIO A0 MOPYLUEH-
HA TONEPAHTHOCTI 4O [IIOKO3M, a iMyHOHeKrTpanisauia
QHTUTINNIAMM €HO0reHHOro Pe3nCTUHY MOoKpallyBana 4vyT-
JIMBICTb A0 iHcyniHy [29]. Hawi aaHi y3rogxKytotbes 3 pe-
3ynbTatammn gocnigxerb Su K. Li Y. Zhang D. Yuan J.et
al., siki nokasanu, Wo nopylueHHa Aii iHcyniHy Ta peakuji
Ha HbOrO IHCYNIHYYTANBUX KAITUH, AKE He 3aNeXUTb Bif,
CTYNeHA OXKMPIHHA, O4HAK KOPE/OE 3 Ki/IbKICTIO XUpy B
OpraHiami i NOEAHYETLCA 3 BiCLLEPANbHUM OXKUPIHHAM Y
popocnnx Ta aiten [30]. A He3HayHe NigBULLEHHA PiBHA
TIIOKO3N B KPOBi ab0 MOPYLIEHHA YyTAMBOCTI KNITUH A0
Hei CNPUAE MIKO3UMOBAHHIO KNITUHHWUX BiNKIiB | MOXKe iHi-
LitOBaTM Cepito ayTOKUCAUX PeakLin, AKi B noganbiomy
CYNPOBOAMKYIOTbCA YTBOPEHHAM i HAaKOMUYEHHAM KiHLe-
BWX MPOAYKTIB MiKO3UAOBAHHA B MAPEeHXiMi HUPOK, LLO B
noAasbloMy NPU3BOAUTUME 0 PO3BUTKY IOMepyiona-
Tit [31].

B ymoBax iHCyNiHOPE3MCTEHTHOCTI XapaKTePHUM € No-
CUNIEHHA CUHTe3y npo3anasnbHux GpakTopis — C-peakTus-
Horo 6inka, dakTopy HeKpo3y nyxauH a, ¢ibpuHorery,
iHribiTopa akTMBaTOpPa NiasmiHoreHy 1-ro Tmny. 3a AaHu-
mu lacobini C. Pugliese G. Fantauzzi CB. et al., 3ananbHi
LUMTOKIHW, AKi BMAinalTbca Makpodaramu, 3miHIOHTb
MeTabosliuHy | CEKPETOPHY AiANbHICTb aguMnoumTie, WO
CNPUAE PO31aZam *KMPOBOro 06MiHy i akTMBaL,ji 3ananeH-
HSA KMPOBOI TKaHMHM [32]. Kadatane. S.P.; Satariano. M.;
Massey. M et al., nosenu, wo npu XXH cTilike BUBiNIbHEH-
HA MPO3ananbHUX UUTOKIHIB MOXe CnpuunMHATK $ibpos
apTepion i NOCWIOBaATM MOAAJbLUE YPAXKEHHA HUPOK,
o BcTaHoBNeHO Hamu [33]. A ®HIM-q, wWo BMAiNsAeTbCA
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PucyHOK 3 — KopensuiiiHuii 38’A30K MiXK piBHeM pe3nctuHy (Hr/mn)
Ta ®HM-a (nr/mn) y nauiexTis IV rpynu.
MaKpodaramu. TeX CNPUAE 3anasieHHIO HU3bKOTO CTyne-
HA IHTEHCMBHOCTI | B YMOBAX HAABHOI iHCYNiHOPE3UCTEHT-
HOCTi B MOAA/NbLIOMY MOXEe BUKAMKATU iBPO3HI 3MmiHM
HUPKOBOI TKAHWHU 11 CNPUATH NporpecyBaHHo XXH.

BucHoBKw.

1. 3HmKeHHA LWK® Ta 3pocTaHHA piBHA LMCTaTUHY
C KopentoBanu 3i 36inblUEHHAM PIBHA PE3UCTUHY Y
NaLieHTIB 3 NOYaTKOBMMM cTagiamm XXH Ha TAi OXKUMpPiHHA.

2. MipBuweHHA iHaekcy HOMA acouitoBanocb 3i
3POCTAHHAM PiBHA PE3UCTUHY Y NALLIEHTIB 3 MOYAaTKOBUMMU
cTagiamm XXH Ha TAi OXKUPIHHA.

3. PiBeHb pe3sucTMHyY B CMpPOBaATLi KPOBi TaKOXK
KOpEenoBaB 3 MapKepamMu XPOHIYHOrO 3anasieHHA
(nokasHukamu ®HM-a Ta pisHem CPB) y nauieHTis 3 1 i Il
cTagismm XXH Ha Tni OXKUpiHHA.

4. BuABneHi 3MiHM [OONOBHIOKOTb MATOrEHETUYHI
MeXaHi3MM PO3BUTKY ANCOYHKLIT HAPOK Ha TNi OXKUPIHHS.

MepcneKTMBU NOJANbLUMX AOCNIAYKEHD.

BWBYEHHS pONi PesnUCTUHY y aTeporeHesi Ta Moro
3B'A30K i3 CEepueBO-CYAMHHUM PUSUKOM Y XBOPUX
3 XPOHiYHOW XBOPOOOI HWMPOK, acouiloBaHow 3
OXMPIHHAM Ta OBrpyHTyBaHHA Niaxo4is A0 Tepanii Takoi
KomMopbigHoi natosnorii.
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OUIHKA BN/IUBY PESUCTUHY HA NOKA3HUKU 3ANANIEHHA TA METABO/TIYHUX PO3/IAAIB Y XBOPUX HA
XPOHIYHY XBOPOBY HUPOK, ACOLINOBAHY 3 OXWUPIHHAM

ly6iHa H. B., KynHoBuubKa I. T.

Pestome. XpoHiuyHa xBOpoba HUPOK i OXKUPIHHA € CEPMO3HUMM Npobaemamm rPOMaLCbKOro 340P0B’ A Y BCbOMY
CBITi. Pe3UCTUH, BIAKPUTUI ABa AECATUAITTA TOMY, € BUSHAHUM NPO3anasbHUM agUMNOKIHOM, YY4aCHUKOM IMYHHOT
CUCTEMMW, OCHOBHUM AXKEPEesiom AKOTO € aANNOLNTH, @ TAKOXK MaKpodarn, MOHOLUTU, KapLioMioLMUTH, KNITUHW KicT-
KOBOro MO3Ky. Ha faHuii Yac ponb pe3nCTUHY y NaTOreHeTUYHMX IaHKaxX CUCTEMHUX MeTaboiYHMX NopyLIeHb Ta po-
3BUTKY acoL,iOBaHMMM 3 HUMW NOYATKOBUX CTaaiax XXH 3anmwaeTbca mano BuB4YeHow. MeTa A0CNiAXKEHHSA: BU3HaA-
YeHHA PiBHA PE3UCTUHY, MOro 38'A3KYy 3 MeTaboNliYHMMM NOKA3HUKAaMM Ta MOKAa3HMKAaMM 3anasieHHs Y MauieHTIB Ha
paHHix cTagiax XXH, nos’sa3aHoi 3 oxkMpiHHAM. ObcTexkeHo 300 xBopux Ha XXH. XBopux 6yno nogineHo Ha 4 rpynu:
I (70) — xBopi 3 XXH | cT. 3 HOpmanbHoO macoto Tina, Il (72) — xsopi 3 XXH Il cT 3 HopmanbHot macoto Tina; Il (70) —
xBopi 3 XXH | cT. Ta oxkupiHHaAM, IV (88) — xBopi 3 XXH Il cT. Ta 0XKXMpiHHAM. KOHTpOIbHY rpyny cknaam 30 NpakTUYHO
300p0BMX 0cCib. Ycim xBopum BusHavanm IMT, cnissigHoweHHsA 06’em Tanii/o6’em creroH (OT/OC), po3paxosysanu
WBMAKICTb KNybouKoBoi dinbrpauii (LKD) 3a dopmynamm CRD-EPI Ha ocHOBI piBHA KpeaTuHiHy, unctatuHy C Ta ix
noeaHaHHa (CRD-EPIcysC/cr) (mn/x8/ 1,73 m?). PiseHb uuctatuHy C (mr/n) y cuposaTli KpoBi BU3Ha4YaAn MeToAa-
MW imyHOdepMeHTHOro aHanisy. IHaekc HOMA-IR pospaxoByBanu 3a ¢popmMynoto. BU3HAUYEHHS piBHA PEe3UCTUHY
(Hr/mn) y cnuposaTui KpoBi, BU3HauveHHA C-peakTMBHOro 6inka (MKr/mn), paktopy Hekposy nyxaunH-anbda (OHM-a)
(nr/mn) BU3Ha4YanM metogom imyHobepMeHTHOro aHanisy. BussneHo, wo y nauientis lll Ta IV rpyn 6ys Buasne-
HUI NPAMUIA cepeaHboi CUM KOPENALLINHUIA 3B’A30K MiXK Pe3ncTMHOM Ta nokasHukom OT/OC — r,=0,33, r,=0,46
(p,,,<0,05). Tako BMUABAEHO NPAMMIA CABKMIA KOPeNALiiiHWIA 38'A30K M piBHEM pe3ncTuHy Ta IMT B rpynax 3
OXKUPIHHAM (r3=0,23, r4=0,36). CnocTtepiranacb TeHAEHLiA A0 3B’A3KY MiXK piBHEM Pe3ncTuHY i umctatuHy C B rpy-
nax 6e3 oxupiHHA, a y xsopux |l Ta IV rpyn — BuABAeHMIA cepeaHboi Cnam KopenauinHmui 38’asok (r.=0,48, r,=0,51,
p3,4<0,05) MiXK LLUMM NOKa3HMKaMMU. BMICT pe3ncTmHy B cMpoBaTL,i 3pocTaB 3i 3HMKeHHAM LLUK® B Il Ta IV rpynax. Bu-
AB/IEHO AOCTOBIPHWUI cepeHii 3BOPOTHI KOpenALiiHMIA 3B’A30K MiXK pe3ncTMHOM Ta pisHem LLIK®, po3paxoBaHum
no ¢opmyni CKD - EPIcysC/cr, B Il (r,=-0,53, p,<0, 05) Ta IV (r,=-0,57, p,<0,05) rpynax. Inaekc HOMA-IR ctatucTuiHo
BiApisHABCA y naujenTis Il Ta IV rpyn y nopisHanHi 3 I Ta Il (p,,,<0,05). Tako» BUABAEHWI NO3UTUBHMIA KOPENALIAHMIA
3B'A30K MiX piBHEM pe3ncTuHy Ta iHaekcom HOMA-IR y naujenTis Il Ta IV rpyn (r,=0,5, p,<0,05, r,=0,52, p,<0,05).
OTPUMAHO CTaTUCTUYHO 3HAYMMMUI NO3UTUBHUIN KOPENALINHWIA 3B’A30K MiXK PiBHEM PE3UCTMHY Ta IIOKO3010 HaTLLe
y nauienTis IV rpynu — r,=0,51, p,<0,05, B TOW 4ac AK B iHWMWX rpynax uei 38’a30K 6yB He3Ha4HUM. Y nauieHTis IV
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rpynu piseHb ®HIM-a 6yB BUWMM B 2,5 pasy y nopiBHsHHI 3 |l rpynoto (p<0,05) Ta B 5,8 pasy —y NOpiBHAHHI 3i 340p0-
BUMM (p<0,001). PiBeHb pe3nCTUHY B CMPOBATL KPOBi AOCTOBIPHO Kopentoe 3 nokasHMKkamm ®HM-a B Il Ta IV rpynax
(r =0,5,t,=3,7, r,=0,58, t,=3,1 (p34<0 01). PieHb CPb Takox 6yB BMWMM Yy nauieHTis Il Ta IV rpyn. Tak, y naujieHTis
III rpynm noro p|BeHb 3p0CTaB 8 3,7 pa3y B NopiBHAHHI 3 | rpynoto (p<0,001) Ta B 5,9 pasy — y NOpPiBHAHHI 3i 380p0-
BuMM (p<0,001). Y nauieHTis IV rpynu piseHb CPB 6yB BuwwMM B 3,5 pa3y y nopisHAHHI 3 |l rpynoto (p<0,001) Ta B
9,8 pa3y — y nopiBHAHHI 3i 3g0poBuMM (p<0,001). PiBeHb pe3ncTUHy Takox KopentoBas 3 CPB y nauienTis Il Ta IV
rpyn (r3=0,51,t3=3,1, r,=0,59, t4=3,2) (p314<0,01). BusABAEHi 3MiHW NOrNGI0IOTL YSIBAIEHHA NPO PO3BUTOK AUCOYHKLT
HUPOK Ha TN1i OXKUPIHHA.
KntouoBi cnoBa: XpoHivyHa XBopobHa HUPOK, OKUPIHHA, PE3UCTUH, UMCTATUH C, iIHCYNiIHOPE3UCTEHTHICTb.

ASSESSMENT OF THE EFFECT OF RESISTIN ON INFLAMMATION AND METABOLIC DISORDERS IN PATIENTS WITH
CHRONIC KIDNEY DISEASE RELATED TO OBESITY

Gubina N. V., Kupnovytska I. G.

Abstract. Chronic kidney disease and obesity are serious public health problems worldwide. Resistin, discovered
two decades ago, is a recognised pro-inflammatory adipokine, a participant in the immune system, whose main
source is adipocytes, as well as macrophages, monocytes, cardiomyocytes, and bone marrow cells. Currently, the
role of resistin in the pathogenesis of systemic metabolic disorders and the development of associated early stages
of CKD remains poorly understood. The aim of the study: research of the level of resistin, its relationship with meta-
bolic and inflammation indicators in patients in the early stages of obesity-related CKD. 300 patients with CKD were
examined. The patients were divided into 4 groups: group 1 (70) — patients with stage | CKD with normal body weight,
group 2 (72) — patients with stage 2 CKD with normal body weight; group 3 (70) — patients with stage 1 CKD and
obesity, group 4 (88) — patients with stage Il CKD and obesity. The control group consisted of 30 practically healthy
individuals. All patients had their BMI and waist-to-hip ratio (WHR) measured, and their glomerular filtration rate
(GFR) was calculated using CRD-EPI formulas based on creatinine, cystatin C, and their combination (CRD-EPIcysC/
cr) (ml/min/1.73 m2). The level of cystatin C (mg/l) in blood serum was determined by immunoenzymatic analysis.
The HOMA-IR index was calculated using the formula. The level of resistin (ng/ml) in blood serum, C-reactive protein
(ug/ml), and tumour necrosis factor-alpha (TNF-a) (pg/ml) were determined using enzyme-linked immunosorbent
assay. It was found that in patients of groups 3 and 4, there was a direct correlation of moderate strength between
resistin and the WHR —r_=0.33, r,=0.46 (p3l4<0.05). A direct weak correlation was also found between resistin levels
and BMI in groups with obesity (r,=0.23, r,=0.36). There was a tendency for a correlation between resistin levels and
cystatin C in groups without obesity, and in patients in groups 3 and 4, a moderate correlation was found (r,=0.48,
r,=0.51, p, ,<0. 05) between these indicators. The serum resistin content increased with a decrease in GFR in groups
2 and 4. A'significant average inverse correlation was found between resistin and GFR, calculated using the CKD-EPI
formula, in groups 3 (r,= -0.53, p,<0.05) and 4 (r,= -0.57, p,<0.05). The HOMA-IR index was statistically different in
patients in groups 3 and 4 compared to groups 1 and 2 (p34<0 05). A positive correlation was also found between
resistin levels and the HOMA-IR index in patients in groups 3 and 4 (r,=0.5, p,<0.05, r,=0.52, p4<0 05). A statistically
significant positive correlation was found between resistin levels and fastlng glucose i |n patients in group 4 —r,=0.51,
p,<0.05, while in other groups this correlation was insignificant. In patients of group 4, the level of TNF-a was 2.5
times higher than in group 2 (p<0.05) and 5.8 times higher than in healthy individuals (p<0.001). The level of resistin
in blood serum significantly correlates with TNF-a levels in groups 3 and 4 (r,=0.5, t=3.7, r,=0.58, t ,=3.1 (p3 <0.01).
The CRP level was also higher in patients in groups 3 and 4. Thus, in patients in group I, its IeveI mcreased 3.7 times
compared to group | (p<0.001) and 5.9 times compared to healthy individuals (p<0.001). In patients in group IV, the
CRP level was 3.5 times higher than in group Il (p<0.001) and 9.8 times higher than in healthy individuals (p<0.001).
Resistin levels also correlated with CRP in patients in groups 3 and 4 (r,=0.51, t,=3.1, r,=0.59, t,=3.2) (p, ,<0.01). The
changes identified deepen our understanding of the development of renaI dysfunctlon assouated W|th obe5|ty

Key words: chronic kidney disease, obesity, resistin, cystatin C, insulin resistance.
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