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ABSTRACT

Objective: The most important cause of mortality in patients with chronic kidney disease is cardiovascular disease. Despite
traditional risk factors being controlled, the lack of desired reduction in mortality rates has led to an investigation of new
treatment strategies. In experimental studies, urotension-Il has been shown to increase foam cell formation, reactive oxy-
gen radicals, oxide-Low Density Lipoprotein (LDL) levels, and matrix metalloproteinase expression and thus contributing
to the development of atherosclerosis. The aim of the study was to investigate the relationship between urotension-Il and

carotid intima media thickness in dialysis patients.

Methods: This study included 33 hemodialysis patients, 35 peritoneal dialysis patients, and 15 healthy individuals. Patients
with traditional risk factors for the development of cardiovascular disease, such as diabetes mellitus, familial hypercho-
lesterolemia, and a family history of early cardiac disease, were not included in the study. Furthermore, all individuals
with active infection and malignancy were excluded. All laboratory data and urotension-II levels were analyzed. To prevent
interobserver errors, carotid intima media thickness measurements were performed by a single radiologist

Results: There was no difference between the groups in terms of age, gender, smoking, and dialysis duration. Urotension-I|
levels were significantly higher only in hemodialysis group compared to peritoneal dialysis and control groups. Carotid
intima media thickness was significantly higher in both dialysis groups. Factors affecting carotid intima media thickness
were age in peritoneal dialysis patients, as well as glucose, albumin, phosphorus, parathormone, interleukin-6, C-reactive

protein, and uric acid in hemodialysis patients.

Conclusion: Although the role of urotension-Il in the development of atherosclerosis was demonstrated in experimental
studies, no positive correlation was found between urotension-Il and carotid intima media thickness in current study.
Keywords: Atherosclerosis, carotid intima media thickness, hemodialysis, inflammation, peritoneal dialysis, urotensin-II

Corresponding author: Refika Biiberci D4 refikakaraer@gmail.com

Received: August 8,2021 Accepted: November 14,2021
Publication Date: October 5, 2022

Cite this article as: Biiberci R, Oztekin PS, Duranay M. The relationship between urotensin-II level and carotid intima media thickness in

dialysis patients. Turk J Nephrol. 2022;31(4):328-334.

INTRODUCTION

Urotensin-II (U-11) is a cyclic peptide with 11 amino acids
found in many tissues such as heart, kidney, and cen-
tral nervous system, especially in the vascular area.! Its
effect on the vascular environment can be both vasodi-
lation and vasoconstriction. The reason it has 2 oppos-
ing effects is due to the differential expression of the
U-1I receptor in the vascular beds. These specific recep-
tors can affect different intracellular and extracellular
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pathways based on its localization within the cell or
nuclear membrane.?

It has been shown in experimental studies that U-II
increases foam cell formation, reactive oxygen radicals,
oxide LDL level, and matrix metalloproteinase expres-
sion, thus contributing to the development of athero-
sclerosis.>* In addition, studies have reported that U-II
antagonists provide plaque stabilization and reduce
mortality in mice with congestive heart failure.>¢
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Cardiovascular diseases are the most important cause of
mortality in chronic kidney disease (CKD). In addition to
traditional risk factors, CKD-related factors such as malnu-
trition, secondary hyperparathyroidism, and inflammation
also contribute to the accelerated atherosclerotic process.
Carotid intima media thickness (CIMT) measurement is an
important radiological method for detecting atherosclerosis
early before plaques develop. The aim of our study was to
investigate the relationship between U-1l and CIMT in dialysis
patients.

METHODS

Patients and Study Design

The study included 33 hemodialysis (HD), and 35 peritoneal
dialysis (PD), who had been on dialysis for at least 6 months,
as well as 15 controls aged 18-75, and whose neck region can
be comfortably positioned. Patients with traditional risk fac-
tors for the development of cardiovascular disease, such as
diabetes mellitus, familial hypercholesterolemia, and a fam-
ily history of early cardiac disease, were not included in the
study. Demographic characteristics of the all group patients,
(age, gender, dialysis time, smoking) were recorded. Body mass
index (BMI) was calculated as weight in kilograms divided by
the square of height in meters (kg/m2). Each participant’s blood
pressure was measured by a nurse or trained staff in the health
check-up for control group, before the start of hemodialysis for
HD group, and at the time of no peritoneal dialysis solution in
the abdomen for PD group. A standard mercury sphygmoma-
nometer or an automated blood pressure measurement moni-
tor was used. Furthermore, all individuals with active infection
and malignancy were excluded. Ethical approval of the study
was obtained from our Hospital Ethics Committee (Date: July
09, Desicion no: 285).

Laboratory Analyses

Blood samples were obtained from an arterial line before the
start of HD. Glucose, urea, creatinine, calcium, phosphorus,
intact parathormone (PTH), albumin, uric acid, C-reactive

MAIN POINTS

« Urotensin-Il (U-1l) is a cyclic peptide with 11 amino acids
found in many tissues such as heart, kidney, and central ner-
vous system, especially in the vascular area. In experimental
studies, U-Il has been shown to contribute to the develop-
ment of atherosclerosis. It was emphasized that U-Il antago-
nists could be a cardioprotective molecule.

+ Urotensin-Il levels were significantly higher only in hemo-
dialysis group compared to peritoneal dialysis and control
groups. It was observed that there was no effect of U-Il on
carotid intima media thickness (CIMT) and the presence of
plaque.

+ Factors affecting CIMT and the presence of plaque were
inflammation and secondary hyperparathyroidism.
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protein (CRP), interleukin (IL)-6, sedimentation rate, complete
blood count, total cholesterol, High Density Lipoprotein (HDL),
LDL, and triglyceride levels were measured after 12 hours of
fasting in all patients. Blood which was taken from the patients
in an Ethylene Diamine Tetra Acetic Acid (EDTA) tube for U-II
measurement was centrifuged at 2500 rpm for 10 minutes and
then stored in a —80°C freezer. After blood collection from all
patients, an U-I1l ELISA was performed based on the manufac-
ture’s protocol (U-1l (human); EIA kit, Phoenix Pharmaceuticals,
Belmont, Calif, USA).

Radiological Evaluation

Carotid artery examinations of all patients were performed
using SDU-2200 Shimadzu Doppler US device and 10 MHz linear
probe. The patients were examined in the supine position, with
their neck slightly extended, and their head facing the opposite
side of the carotid artery being evaluated. All measurements
were made by a single radiologist in order to prevent interob-
server errors. Both sides of the common carotid artery and the
proximal internal carotid artery were evaluated morphologi-
callyinthe longitudinal and transverse planes along their entire
length in B-mode. Intima media thickness was calculated by
measuring the distance between the intimal-luminal interface
and the medial-adventitial interface on a frozen longitudinal
image from 1 cm proximal to the bifurcation. The morphology
and size of the existing plaque structures in the common carotid
artery and proximal internal carotid artery were recorded.

Statistical Analyses

Statistical Package for the Social Sciences version 22 (IBM SPSS
Corp.; Armonk, NY, USA) was used for the statistical analysis.
The Kolmogorov-Smirnov and Shapirov-Wilk normality test
were used to verify data distribution normality. Parametric
variables are presented as mean and standard deviation, non-
parametric variables are presented as median values with inter-
quartile ranges (IQR) One-way ANOVA, analysis of variance test,
was used for variables with normal distribution and Kruskall-
Wallis test was used for variables without normal distribution.
Post hoc analysis (Tamhane’s-T2) was performed for param-
eters that were found to be significant. A spearman correlation
analysis was used to examine the relationship between CIMT,
urotensin-Il, and all laboratory data. Since the sample size
in the groups was small, multivariate cox regression analysis
was evaluated together in all patients to determine the factors
affecting the presence of plaque. Chi-square test was used to
compare the categorical data. A P-value of less than .05 was
considered significant. Dialysis patients were divided into 2
subgroups as those with and without cardiovascular disease
(CVD). Independent samples t test was used to compare para-
metric continuous variables between groups. Mann-Whitney U
was employed for the comparison of non-parametric variables.

RESULTS
The mean age of the patients included in the study was
42 (40) years for HD, 42 (15) for PD, and 48 (19) years for the
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Table 1. Comparison of Basic Characteristics and Laboratory Parameters Between the 3 Groups

Parameters Hemodialysis (n =33) Peritoneal Dialysis (n = 35) Control (n=15) P
Gender, female (%) 35.7 42.9 21.4 NS
Age (year) 42 (40) 42 (15) 48 (19) NS
(min:18; max:84) (min:25; max:78) (min:34; max:65)
Smoking (%) 51.9 29.6 18.5 NS
Presence of plaque (%) 58.1 38.7 3.2 .006
Dialysis time (month) 15(36) 24 (36) (min:6; max:84) - NS
(min:6; max:180)
BMI (kg/m?) 21.49 +2.93 25.54 + 4.61 25.49 + 4.48 <.001¢,.0152
(min:16; max:31) (min:17.5; max:33.5) (min:18.7; max:32.25)
Systolic BP (mmHg) 116.6 +13.8 1282 +22.2 119+ 16.6 .035¢
(min:90; max:150) (min:90; max:170) (min:100; max:140)
Diastolic BP (mmHg) 75 (10) 80 (20) 75 (10) .0345;.023¢
(min:70; max:95) (min:60; max:105) (min:60; max:88)
Glucose (mg/dL) 89.1+17.4 88.4 + 14.7 81.8+14.5 NS
(min:55; max:122) (min:63; max:123) (min:55; max:104)
Urea (mg/dL) 121.03 +45.87 122.64 +46.72 27.98 +8.52 <.001%°
(min:67; max:249) (min:53; max:232) (min:14; max:46)
Creatinine (mg/dL) 7.1(4.6) 8.8 (3.7) 0.8 (0.1) <.0012b
(min:3.3; max:17.6) (min:3.97; max:15.4) (mMin:0.7; max:1)
Albumin (g/dL) 3.8(0.8) 3.6(0.9) 4.5(0.5) <.001°
(min:2.1; max:4.5) (min:2.3; max:4.2) (min:3.6; max:5.1)
Uric acid (mg/dL) 5.2 (1.35) 5.5(1.3) 3.9(0.7) .003% <.001°
(min:2.9; max:8.2) (min:3.8; max:8.1) (min:2.8; max:5.6)
Calcium (mg/dL) 9(1.2) 9.2 (1.3) 9.7 (0.9) .025P
(mMin:7.6; max:12.2) (Min:7.7; max:12.8) (min:8.8; max:10.7)
Phosphorus (mg/dL) 4.5(2.9) 4.4(1.6) 3.1(0.9) <.0012b
(min:3.3; max:9.8) (min:3; max:9.4) (min:2.1; max:4)
Magnesium (mmol/L) 1(0.35) 1(0.22) 0.88 (0.05) .0432
(min:0.7 max:2.2) (min:0.6; max:1.67) (min:0.8 max:1)
PTH (ng/L) 332 (446) 333 (270) 55 (25) <.001*°
(min:150 max:1520) (min:126; max:1060)
Total cholesterol (mg/dL) 168.2 +55.5 196.5+39.3 186.7+37.5 .047¢
(min:80; max:310) (mMin:117; max:284) (min:123; max:265)
HDL (mg/dL) 34 (14.5) 38 (11) 46 (11) .023°
(min:23; max:61) (min:25; max:72) (min:31; max:76)
LDL (mg/dL) 82 (66.5) 125 (51) 108 (51) .05¢
(min:28; max:205) (min:53; max:188) (min:61; max:174)
Triglyceride (mg/dL) 165 (96.5) 174 (87) 122 (65) NS
(min:62; max:341) (min:63; max:508) (min:48; max:417)
WBC (10/L) 6800 (3150) 7600 (3400) 7600 (4900) NS
(min:3700; max:10 300) (min:4200; max:13 800) (min:5100; max:12 300)
Hgb (g/dL) 11.1(1.8) 11.2(1.8) 14.2 (2) <.001%P
(min:8.1; max:13.9) (min:8.9 max:15.1) (min:10 max:16.1)
Platelet (10°/L) 213000 (147 000) 279000 (115 000) 278 000 (90 000) .048¢

(min:183 000; max:586 000)

(min:97 000; max:587 000)

(min:194000; max:866 000)

(Continued)
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Table 1. Comparison of Basic Characteristics and Laboratory Parameters Between the 3 Groups (Continued)

Parameters Hemodialysis (n =33) Peritoneal Dialysis (n = 35) Control (n=15) P
ESR (mm/h) 31(42) 47 (52) 12 (11) .005% <.001°
(min:2; max:98) (min:7; max:118) (min:3; max:44)
CRP (mg/L) 0.73 (0.75) 0.87(0.81) 0.4 (0.39) 002°
(min:0.1; max:1.69) (min:0.21; max:4.22) (min:0.2; max:1.2)
IL-6 (pg/mL) 21.43 (41.54) 15 (31.95) 4.49 (3.23) .002%.012b
(min:1.3; max:70) (min:0.64; max:51.8) (min:0.49; max:44.7)
CIMT (mm) 0.8(0.3) 0.7(0.2) 0.68 (0.22) .029% .005b
(min:0.4; max:1.25) (min:0.4; max:1.18) (min:0.4; max:0.86)
Urotensin Il (ng/mL) 6.3 (4.1) 4.4(3.1) 5.5(2:3) .014¢
(min:3.16; max:37.4) (min:2.56; max:34.3) (min:2.4; max:8.12)

*Hemodialysis control group; Peritoneal dialysis control group; ‘Hemodialysis peritoneal dialysis group. BP, blood pressure; WBC, white blood cell; CRP, C-reactive
protein; BMI, body mass index; CIMT, carotis intima media thickness; ESR, erythrocyte sedimentation rate; PTH, parathormone; NS, not significant.

control group. The duration of dialysis was 15 (36) months in HD
patients and 24 (36) months in the PD patients. The underlying
etiologies of CKD are unknown group (30.88%), hypertension
(29.42%), chronic glomerulonephritis (23.53%), amyloidosis
(11.76%), stones (2.94%), and polycystic kidney disease (1.47%).
There was no difference between the groups in terms of gen-
der, age, and smoking. Body mass index was found to be sig-
nificantly lower in HD patients compared to both the PD group
and the control group (P = .015; P <.001, respectively). Both
systolic and diastolic blood pressures were significantly higher
in the PD group compared to the HD group (P = .035; P = .032,
respectively).

A significant difference was found between the groups in terms
of U-Il levels, CIMT, IL-6, and CRP levels (Table 1). Carotid intima
media thickness and IL-6 levels were higher in hemodialysis and
peritoneal dialysis groups compared to control group (P =.029,
P =.005). There was no difference between hemodialysis and
peritoneal dialysis groups in terms of CIMT. Urotension-Il was
higher only in HD group compared to PD and control groups.

Table 3. Correlation Analysis Between Urotensin Il and Parameters
in Dialysis Patient

Parameters r P
Peritoneal dialysis Total cholesterol 0.325 .029
LDL 0.290 .046
Triglyceride 0.316 .032
Age 0.288 .047
Hemodialysis Uric acid 0.316 .037

Factors affecting CIMT were age in HD and PD patients and glu-
cose, albumin, phosphorus, PTH, IL-6, CRP, and uric acid in HD
patients (Table 2). There was no correlation between U-Il and
CIMT. In the correlation analysis performed to understand how
U-1I affects, we found a correlation between U-Il and LDL, total
cholesterol, and triglyceride in the PD group and uric acid in the
HD group (Table 3).

The presence of plaque was higher in dialysis patients com-
pared to the control group (P =.006). In the regression analysis,

Table 2. Correlation Analysis Between Carotid Intima Media
Thickness and Parameters in Dialysis Patients Table 4. Multivariate Cox Regression Analysis of the Parameters
Parameters r P Affecting the Presence of Plaque
Hemodialysis Age 0.857 <.001 Parameters p HR 95% CI P
Albumin —0.365 .018 Urotensin-II 0.026 0.974 0.916-1.036 405
PTH 0.359 .02 Age 0.041 1.041 1.017-1.067 .001
Phosphorus 0.549 <.001 HDL 0.022 0.978 0.943-1.014 .233
Uric acid 0.358 .02 PTH 0.003 0.997 0.995-0.999 .002
Glucose 0.392 .012 Smoking 1.158 3.182 1.425-7.108 .048
CRP 0.308 .041 CRP 0.063 1.065 0.591-1.919 .834
IL-6 0.328 .031 Systolic BP 0.025 1.025 0.993-1.059 132
Peritoneal dialysis Age 0.671 <.001 Diastolic BP 0.039 0.962 0.918-1.007 .099
CRP, C-reactive protein; IL-6, interleukin-6; PTH, parathormone. BP, blood pressure; CRP, C-reactive protein; PTH, parathormone.
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Table 5. Comparison of Basic Characteristics and Laboratory
Parameters Between the Subgroups of Dialysis Patients

Group With Group Without
Parameters CVD (n=11) CVD (n=57) P
Gender, female (%) 52.6 27.3 123
Age (year) 64 (22) 40 (20) <.001
Smoking (%) 81.8 18.2 <.001
Presence of plaque (%) 81.8 49.1 .046
Dialysis time (month) 24 (36) 12(12) .02
BMI (kg/m?) 22.6 +3.69 23.7+45 527
Systolic BP (mmHg) 118+ 16 120+ 20 428
Diastolic BP (mmHg) 75.4+11.2 78.85+14.9 492
Glucose (mg/dL) 96 (18) 88 (28) 481
Urea (mg/dL) 119 (64) 121 (67) 647
Creatinine (mg/dL) 7.1(5) 8.6 (4.1) 216
Albumin (g/dL) 3.6(0.6) 3.7(0.9) 628
Uric acid (mg/dL) 4.9(1.8) 5.5(1.2) 571
Calcium (mg/dL) 9.35+ 1.66 9.2+0.91 751
Phosphorus (mg/dL) 4.6 (1.8) 4.4 (2.5) .233
Magnesium (mmol/L) 1(0.3) 1(0.24) 465
PTH (ng/L) 367 (363) 196 (209) .036
Total cholesterol 159 (36) 194 (75.5) 457
(mg/dL)
HDL (mg/dL) 45 (29) 36 (11) .076
LDL (mg/dL) 81 (38) 115 (63) .200
Triglyceride (mg/dL) 174 (121) 167 (92.5) .614
WBC (10°/L) 7500 (3300) 7400 (3550) 738
Hgb (g/dL) 11.4 (2.4) 11.1(1.85) 405
Platelet (10¢/L) 246 000 250000 713

(131 000) (136 000)

CRP (mg/L) 0.95+0.29 0.86 + 0.66 .286
IL-6 (pg/mL) 41.58 (29.1) 15.7 (30.6) 926
Urotensin-II 5.16 (6.84) 5.48 (3.83) 913
CIMT (mm) 0.9 (0.38) 0.65 (0.2) .003
BMI, body mass index; BP, blood pressure; CRP, C-reactive protein; CIMT, carotis
intima media thickness; CVD, cardiovascular disease; IL-6, interleukin-6; PTH,
parathormone; WBC, white blood cell.

age (hazard ratio (HR):1.041, P <.001), PTH (HR:0.997, P = .02),
and smoking (HR:3.182, P =.048) were found to be independent
risk factors for plaque development (Table 4). It was observed
that there was no effect of U-Il on the presence of plaque.

Dialysis patients were divided into 2 subgroups as those with
and without CVD. Carotis intima media thickness and the pres-
ence of plaque were higher in the group with CVD compared to
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the group without CVD. Furthermore, patients were older, dialy-
sis times were longer, smoking was more, and PTH levels were
higher. There was no difference between 2 groups in terms of
U-1l levels (Table 5).

DISCUSSION

Cardiovascular diseases are the most important cause of mor-
tality in patients with CKD. Despite the traditional risk factors
are under control, the lack of desired reduction in mortality
rates has led to an investigation of new treatment strategies.

In the current study, the relationship of urotension-Il with CIMT,
as a predictor of atherosclerosis, was investigated. Patients
with traditional risk factors for the development of cardiovas-
cular disease, such as diabetes mellitus, familial hypercholes-
terolemia, and a family history of early cardiac disease, were
not included in the study. Another reason why diabetic patients
were not included in the study was the decrease in lymphocyte
count in diabetic patients.”® The main source of U-Il is endothe-
lial cells and lymphocytes.>

Urotension-Il is the peptide detected in endothelial and vascu-
lar smooth muscle cells. Intercellular cell adhesion molecule
(ICAM) plays a very important role in the development of ath-
erosclerosis by increasing the expression of vascular cell adhe-
sion molecule adhesion molecules. Vascular cell adhesion
molecule acts as a chemotactic factor and provides leukocyte
infiltration, acts synergistically with oxide LDL, causes vascular
smooth muscle cell proliferation, and induces the transforma-
tion of macrophages into foam cells.**** In experimental stud-
ies, U-Il has been reported to antagonize and stabilize plaques
by reducing foam cell formation,® which prevents and even
treats atherosclerosis-related kidney diseases by inhibiting the
JAK pathway.** However, there are conflicting results regard-
ing the U-II levels in clinical studies. In the studies performed
by Zoccali** and Mallamac?®i, the U-1l levels were reported to be
higher in HD patients compared to controls. However, Mosenkis
et al'” found U-Il to be low in HD patients compared to controls
in their study. Unlike these studies, in the current study, there
was no significant difference between dialysis groups and the
control group in terms of U-Il levels. However, U-Il was sig-
nificantly higher in HD patients compared to PD patients. The
main source of U-Il is endothelial cells and lymphocytes.>!® The
encounter of the blood with a foreign surface (dialyzer) during
HD is a condition that activates lymphocytes. This might be the
reason for the high U-Il levels in HD patients. Mosenkis et al*’
also reported that the U-II levels were higher following hemodi-
alysis in HD patients in their study.

It is known from the experimental studies that U-II level plays
a role in the pathogenesis of atherosclerosis. In our study,
although CIMT was found to be higher in both HD and PD
patients compared to the control group, no relationship was
found between CIMT and U-Il. There are studies in the litera-
ture that demonstrate a relationship between CIMT and U-II.
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However, these studies are not conducted in patients with
kidney failure.!® In studies conducted on patients with kidney
failure, the relationship between echocardiography findings,
hypertension status, laboratory markers of atherosclerosis, and
U-Il wasexamined. Mallamaci et al*® have found a negative cor-
relation between U-Il and fibrinogen, ICAM, and asymmetrical
dimethyl arginine (ADMA) and it was emphasized that U-1l could
be a cardioprotective molecule. In another study, a positive
correlation was found between U-Il and left ventricular systolic
function.” In a study conducted on 191 hemodialysis patients,
patients were followed up for an average time of 3.6 years.
During the follow-up period, 94 patients died and 88 had inci-
dent fatal and non-fatal cardiovascular events. In Kaplan-Meier
analysis, high U-1l was strongly and inversely associated with
incident cardiovascular events (P <.001).*> A study conducted
in patients with acute coronary syndrome (ACS) without CKD
reported that decreased plasma U-Il concentration in patients
with ACS could be associated with more injury to myocardium.

Urotension-II levels were found to be higher in hypertensive
patients compared to normotensive patients* and in non-
dipper hypertension patients compared to dipper HT patients.?
It has been indicated that Spock2 (urotensin gene product) pro-
tein reacts with angiotensin 2 receptors and has an effect on sig-
nal pathways functioning in the regulation of BP.2® In our study,
although both systolic and diastolic blood pressures were
found to be higher in PD patients compared to HD patients, no
correlation was found between them and U-II. In fact, the U-II
levels were lower in PD patients. In a study on PD patients con-
ducted by Bai et al*, blood pressure was shown to be high in
the group with low U-II levels, although there was no volume
load. This was interpreted as the cause of volume-resistant HT
in PD patients.

In the current study, the presence of plaque was also evaluated
in addition to CIMT. The factors affecting the presence of plaque
were age, high PTH, and smoking, excluding U-Il. The factors
affecting CIMT were also age, albumin, phosphorus, PTH, CRP,
uric acid, and glucose.

The limitations of our study were that the number of patients
was low, ECHO findings of patients were missing, and U-II levels
were not measured in the urine and tissue.

CONCLUSION

CVD is the most important cause of mortality in CKD patients.
In experimental studies, it has been shown that U-II plays a
role in the development of atherosclerosis. However, clini-
cal studies have found confusing results. In the current
clinical study, no positive correlation was found between
U-2 and CIMT.
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